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$660.00 complete. 

FOB Champaign, Illinois. Shipping included on pre- 
paid orders. 

Manual only: $20.00 prepaid. 4^ 

Dealer inquiries welcome. 

Coming soon from Rhino Robots: Power supply, voice, 
memory expansion and sonic distance detecting 
modules . . . plus other SCORPION accessories. 


ROBOTS 

RHINO ROBOTS, INC. 

3402 N. Mattis Ave. P.O. Box 4010 
Champaign, IL 61820 
217/352-8485 
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A robotics course and a robot - 
priced right for you or your company 
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Heathkit Electronic Centers are units of Veritechnology Electronics Corporation. 
Heath Company is a subsidiary of Zenith Radio Corporation. 


HER0 1 is a computer on wheels. 

HER0 1 uses a 6808 microprocessor 
that controls 13 functions and sense 
boards. Its on-board processor 
can take it through complex ma- 
neuvers. The programming proc- 
ess is straightforward with provision 
for step-by-step debugging, en- 
hancement and other corrections. 

HER0 1 senses include: sound de- 
tection (frequency range 200- 
5000 Hz); light detection; ultrasonic 
ranging; ultrasonic motion detec- 
tion; speech synthesis; and real 
time, four year calendar clock. 

A completely mobile platform 
robot, HERO 1’s motion abilities per- 
mit head rotation and arm rotation 
of 350,° shoulder rotation of 150,° 
arm extension of 5 inches, wrist 
pivot of 180° and wrist rotation of 
350° Gripper will open to a max- 
imum of 3’/ 2 inches and rotate 90° 
at extreme extension. Payload ca- 
pacity of arm is 8 oz. at maximum 
extension and 16 oz. at normal. 

The remarkable HER0 1 robot is in 
production now, ready for you. Buy 
assembled or build it from a kit. Kit 
price is $1500 and the assembled 
robot is $2500, FOB Benton Harbor, 
or through your nearest Heathkit 
Electronic Center. 


For full information on HERO 1 
call 800-253-0570 toll-free. (In 
Alaska, Hawaii and Michigan, call 
616-982-3411.) We’ll give you the 
address of the nearest Heathkit 
Electronic Center and send you a 
booklet that gives details about 
the robot, the content of this 
course, and other information. 


Please send details on the HER0 1 robot 
and robotics course. 


Mail to: Heath Company, Dept. 025-1 58 
Benton Harbor, Ml 49022 


Nome 


Address 


City 


State 


Heathkit /Zenith Educational Systems is a division of Heath Company, 
Benton Harbor, Michigan 49022. RO-100AR2 


Heathkit/Zenith 
Educational Systems 


tion, the robot can be programmed 
to pick up small objects with its arm. 
It will also speak in complete sen- 
tences, using its voice synthesizer. 

Remarkable though the robot is, 
its companion Robo- 
tics Education Course 
is an even more signifi- 
cant "first.” It provides 
a thorough under- 
standing of robottech- 
nologies, including 
robotics programming. 
Course features self-test 
unit reviews, experi- 
ments and final exam, 
resigned to be used with 
HER0 1, this 1200 page course isthe 
most complete introduction to 
robotics available today. 


riErwl the. 
most sophisticated 
microprocessor- 

controlled device 

since the [Ml 

microcomputer. [Ip™ 

HER0 1 is a completely m 
self-contained, electro- 
mechanical robot capa- ]| 
ble of interacting with 
its environment. Con- 
trolled by an on-board, — 

programmable com- 
puter, it has electronic 
sensors to detect light, sound, mo 
tion and obstruction in its path. 

Capable of seven axes of mo 
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Feedback Introduces Affordable Vo-Tech Teaching Robots, 
Guaranteed to "Promote" Total Student Involvement. 




ARMDRAULIC 


A Feedback educational 

robot gives you the power 
to transform textbook theory ^^B 
into exciting, practical hands- ^^B 
on experience. 

An unbeatable classroom motivator, your^ 
Feedback robot will stimulate, challenge 
and induce total student involvement like no 
other hi-tech teaching tool can. 

In addition to acquiring 


a sound introduction to ^ 

robotics, your students develop a thorough under- 
standing of the basic processes, including hydraulics 
and pneumatics, electricity and electronics, micro- 
processors and microcomputers, instrumentation and 
control, and mechanics — all interrelated technologies 
comprising robots. 

Feedback offers a wide range of economically priced robot 
mechanisms to demonstrate virtually every major function in 
robotics, while instilling an all-important broad base of hi-tech 
knowledge. For more information on how Feedback robots can 
help your hi-tech educational program, call (800) 526-8783. 


fARMADILLO 


ARMATROL 




620 Springfield Ave., Berkeley Heights, 
NJ 07922 • (201) 464-5181 


ARMOVER ARMSORT 

Feedback: for over 25 years, a leading force in 
Circle 8 meeting the needs of technical education. 
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' International 
Personal Robot 
\A Congress 


ALBUQUERQUE, NEW MEXICO April 13-15, 1984 

ABOUT THE CONGRESS. . . 

IPRC '84 will offer an opportunity for robot enthusiasts to display 
their creations and enter them in various competitions. There will 
also be commercial exhibits and seminars on personal robots, as 
well as cultural events portraying the history and mythology of 
personal robots. 

The Congress will open with a major ceremony — an event com- 
plete with dignitaries, limelight, media, robots and fanfare. The 
Congress will close with an Awards Brunch recognizing the 
individual achievements of the Personal Robot Developers in their 
exhibitions and competitions. 

PROGRAM 

• SOFTWARE DESIGN CONSIDERATIONS 

• HARDWARE DESIGN CONSIDERATIONS 

• ROBOTS IN EDUCATION 

• HUMAN SERVICES 

• LEGAL ISSUES 

• BUSINESS OPPORTUNITIES 

• FUTURE OF PERSONAL ROBOTS 

PERSONAL ROBOT 
DEVELOPERS: COMPETITIONS 

The Personal Robot Developers (individuals, clubs, classes. . . 
whoever has a robot worth seeing) will exhibit their creations for 
a modest fee at the Robot Shops. Their operators can maintain, 
repair and modify their systems in these shops in view and within 
speaking distance of interested exhibit attendees. The PRDs will 
engage in a series of competitions. Awards will be given in the 
areas of "most useful," "most entertaining" and "open." The cate- 
gories of competition will be junior/senior high school, college, 
and general. Competition will culminate with the "Golden Droid" 
awards to be presented at the Sunday Brunch. 

CONGRESS REGISTRATION 

Each registration includes admission to: 

• opening ceremony 

• technical sessions 

• commercial exhibits 

• Robot Shops and competitions 

• featured speeches 

• Awards Brunch 

Before Feb. 15: $125.00* (U.S. Dollars) 

After Feb. 15: $145.00* (U.S. Dollars) 


IPRC '84 REGISTRATION FORM 


Name: 

Passport #: 

(if not a U.S. Resident) 

Company Name: 


(if applicable) 


Address: 


(or P.O. Box No.) 


City: 


Country: 


. State: . 
Zip: . 


Area Code: 


. Phone :_ 


No. of Registrations: 
Amount Enclosed: _ 


For correspondence and remittance, mail to: 
International Personal Robot Congress 
1547 South Owens Street, #46 
Lakewood, Colorado 80226 U.S. A. 
303/278-0662 
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Editorial 


Why Bother 
With Toys? 

Toys. Do they have a serious purpose? Can we learn from 
them? 

The January 1984 issue of Robotics Age contained an 
article titled “Super Armatron.” The article described a 
series of modifications which the authors made to a plastic 
toy, the Armatron robot arm, sold by Radio Shack stores. 
While looking over the Reader Response cards for that 
issue, I noticed a commentary from one reader. He had 
circled the response for the Armatron article and written 
in the border, “Why bother with toys?” 

For those readers not familiar with the Armatron, it is 
a $30 toy designed for enjoyment, not necessarily for educa- 
tional purposes. You could play with it for years without 
learning anything more important than that the gripper 
opens when you turn the left joystick counterclockwise. 

However, an educational adventure is waiting for anyone 
who delves beneath the robot’s external shell. Removing 
the bottom plate exposes a set of mechanical gears and 
clutches which demonstrate how mechanical power can 
be transmitted through a piece of machinery from a single 
power source. Do you know how to construct a two-speed 
mechanical clutch? The Armatron provides a working ex- 
ample. How’s your understanding of planetary gears? The 
Armatron gear system is a fine example of mechanical 
power transmission methods. It also demonstrates how ap- 
propriate gearing allows a tiny electric motor run by two 
D-cell batteries to move a robot arm and also lift three 
ounces. 

The three authors of the January “Super Armatron” ar- 
ticle saw another use for the plastic robot arm. They saw 
the toy as a test bed for various electronic investigations. 
They added a variety of electronic equipment to the Arm- 
atron so that it could be controlled by a computer. Sole- 
noids were used to activate the mechanical pushrods which 
control the arm. Hall-effect and optoelectronic sensors were 
added to the joints and gripper to provide feedback infor- 
mation so that the computer could easily determine how 
the Armatron arm was positioned. All of this electronic 
equipment was then connected to a Digital Equipment Cor- 
poration LSI-11 minicomputer. 

The article’s closing paragraph describes why they 
bothered with the modification. “Although this robot arm 
can lift only three ounces, it provides an accurate 

Continued on page 37 


The New BI70 



Brushless Motors from 

Honeywell 


requirements, customized windings and 
mountings can be provided as well as the 
following feedback and control options: Hall 
sensor position encoder, brushless 
tachometer, optical encoder, resolver and 
holding brake. 

The BL70 is the latest in a continuing series of 
brushless motors from Honeywell. We can 
help you with your motion control require- 
ments. For more information write or call: 
Honeywell Motor Products Division, P.O. 
Box 106, Rockford, IL 61105, (815) 966-3600, 
Telex: 257 315 


Available in either low profile or extended 
frame configurations, the new BL70 series 
brushless motors are ideal for motion control 
applications where small size, high torque, 
precise positioning, and minimum downtime 
are essential. 


All BL70 models feature rare earth magnet 
rotors and low thermal resistant housings for 
maximum power output in minimum motor 
sizes. The brushless design affords extended 
motor life and high reliability. 

These motors range in size from 2.5 through 
20 HP at 3600 rpm. To meet your specific 


Together, we can find the answers. 


Honeywell 
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Letters 


Spine Address 

I am a graduate student at the University of 
Washington in Seattle, researching Robotic Control 
Theory for my PhD dissertation. I would like to receive 
any additional information you may have regarding 
the Spine robot. 

Thkashi Tsukamaki 
17639 157th Ave. S.E. 

Renton, WA 98055 

Spine Robotics is located at Flojelbergsgatan 14, 
S-431 37 Molndal, SWEDEN. 

Vision Clarification 

I want to clarify a misconception in the article 
“Robots in Batch Manufacturing” by A. B. Bortz which 
appeared in the January 1984 issue of Robotics Age. 
The author describes the application of the ORS 
ScanSystem 2000. From the outset, Westinghouse 
was advised that the unit would have to be augmented 
with a multiple camera arrangement to reliably verify 
the complete complement of elements in the end bell 
assembly. Significantly, repeated offerings to assist 
Westinghouse to optimize performance were spurn- 
ed. It is no wonder the results were “not entirely 
successful” 

It is too bad that the author did not contact ORS 
to obtain a complete appraisal. Significantly, the same 
model ScanSystem 200 has been successfully 


employed to verify the completeness of assembled 
bearing assemblies and tape cartridge assemblies. 

Nello Zuech 
Marketing Director 
Object Recognition Systems, Inc. 

1101-B State Road 
Princeton, New Jersey 08540 


Why Toys 


In regards to your “Super Armatron” article, why 

bother with toys? 

Gary Hodgson 
Heathkit 
PO Box 691 
Bridgeton, MO 63044 

Because... 



I would like to take this opportunity to thank you 
for the excellent article in the November/December 
issue entitled “Super Armatron.” It is exactly the type 
of article I look forward to seeing in Robotics Age. 
Rather than simply being an abstract presentation 
of data, it gets into the nuts-and-bolts of the project 
being presented. In the article is a very clear and con- 
cise description of a workable optical shaft encoder 
complete with the electronic schematics required for 
full understanding of the topic. For this and other 
similar reasons, I found the article fascinating— and 
immediately useful. I am an experimenter of sorts, 
and besides being the proud owner of a Tomy Ar- 


TOTAL CONTROL: 

FORTH: FOR Z-80®, 8086, 68000, and IBM® PC 

GRAPHICS* GAMES* COMMUNICATIONS* ROBOTICS 
DATA ACQUISITION . PROCESS CONTROL 


• FORTH programs are instantly 
portable across the four most popular 
microprocessors. 

• FORTH is interactive and conver- 
sational, but 20 times faster than 
BASIC. 

• FORTH programs are highly struc- 
tured, modular, easy to maintain. 

• FORTH affords direct control over 
all interrupts, memory locations, and 
i/o ports. 

• FORTH allows full access to DOS 
files and functions. 

• FORTH application programs can 
be compiled into turnkey COM files 
and distributed with no license fee. 

• FORTH Cross Compilers are 
available for ROM’ed or disk based ap- 
plications on most microprocessors. 

Trademarks: IBM, International Business Machines 
Corp.; CP/M, Digital Research Inc.; PC/Forth + and 
PC/GEN, Laboratory Microsystems, Inc. 


FORTH Application Development Systems 

include interpreter/compiler with virtual memory 
management and multi-tasking, assembler, full 
screen editor, decompiler, utilities, and 130 + 
page manual. Standard random access files 
used for screen storage, extensions provided for 
access to all operating system functions. 

Z-80 FORTH for CP/M® 2.2 or MP/M II, $50.00; 
8080 FORTH for CP/M 2.2 or MP/M II, $50.00; 
8086 FORTH for CP/M-86 or MS-DOS, $100.00; 
PC/FORTH for PC-DOS, CP/M-86, or CCPM, 
$100.00; 68000 FORTH forCP/M-68K, $250.00. 

FORTH + Systems are 32 bit implementations 
that allow creation of programs as large as 1 
megabyte. The entire memory address space of 
the 68000 or 8086/88 is supported directly. 

PC FORTH + $250.00 

8086 FORTH + for CP/M-86 or MS-DOS $250.00 

68000 FORTH + for CP/M-68K $400.00 

Extension Packages available include: soft- 
ware floating point, cross compilers, INTEL 

8087 support, AMD 951 1 support, advanced col- 
or graphics, custom character sets, symbolic 
debugger, telecommunications, cross reference 
utility, B-tree file manager. Write for brochure. 



Laboratory Microsystems Incorporated 

4147 Beethoven Street, Los Angeles, CA 90066 
Phone credit card orders to (213) 306-7412 


matron robot, I like to tinker with other robotics- 
related projects. I can already envision putting the 
information in the article to use. Thank you again. 

While on this subject, I would like to thank you 
for similar articles in past issues, and for the same 
reasons; for their immediacy and their usefulness. T\vo 
articles that immediately come to mind are: “A 
Homebuilt Computer-Controlled Lathe” (May/June 
1981) for its wonderful information and circuit layouts 
concerning stepping motor control; and “A Cog-Wheel 
Driven Robot Cart” for its descriptions of the 
mechanical principles involved in this type of locomo- 
tion. Several other articles also come to mind, but 
I will not bore you with nonstop accolades. 

As might be surmised, I enjoy the hands-on type 
of articles as opposed to the purely theoretical discus- 
sions. I firmly believe in the learn-by-doing approach, 
and that means experimentation! The aforementioned 
articles provide much-needed information in this 
regard. What I now believe would make excellent 
reading in a future issue would be an article (or ar- 
ticles) covering the practical and mechanical aspects 
of hydraulic power and control, in a format that would 
be useful to experimenters like myself, not just to 
those actively engaged in heavy industry. With such 
an article you will have covered all the bases (or at 
least a great number of them) while simultaneously 
making accessible information on the real power 
behind todays industrial robots. In short, I would real- 
ly appreciate an article on hydraulics. 

Thank you for a very enlightening magazine. 

Kenneth Walker 
363 High Street 
First Floor 
North Arlington, NJ 07032 


Robots in India 

I am conducting a detailed survey on robotics. Also, 
I wish to create awareness towards potentials of this 
technology in India, by starting a Robotics Institute 
and Robotics Clubs here. With these objectives in 
mind, I am contacting world top organisations, like 
yours, in this field. I would like to receive any infor- 
mation you may have on robotics and related 
developments. 

R. D. Agarwal, MBA, BE, BSc 
BA/50A, DDA Flats (MIG) 
Phase I, Ashok Vihar 
Delhi-110052 9 INDIA 


Info rmation Request^ 

I am researching a paper on robotics and need all 
the information that I can acquire. I would appreciate 
receiving any information or materials which you may 
have. 

Mary Grey 
PO Box N-8549 
Nassau, BAHAMAS 

We receive many requests for information every 
month. Unfortunately, we do not have sufficient time 
to personally answer all requests for information. 
However, we are willing to print requests for specific 
information so that our readers may help. 
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PURE GENIUS. 

Low Cost OEM Image Processors for Multi-Bus, Q-Bus and IBM PC. 



The IP-512 family of OEM image 
processing modules have set new 
standards with high performance 
features previously available only on 
systems costing much, much more. 

The IP-512 is a modular, real- 
time image processor that’s plug 
compatible with the INTEL 
MULTI BUS and DEC Q-BUS. 

It interfaces with a standard 
video source, stores images in single 
or multiple 512 x 512 frame buffers 
with up to 24 bits/pixel, and includes 
pipeline processing for real-time 
image averaging, summation, sub- 
traction, convolutions, histograms, feature list ex- 
traction, erosion and dilation. 


The modules contain program- 
mable I/O Transformation Tables 
and provide for B&W and RGB 
output for full color processing. 

Applications include factory 
inspection, robotic vision, medical 
imaging, industrial radiography, 
teleconferencing, microscopy and 
image analysis, among others. 

Imaging Technology also intro- 
duces PCVISION, a real-time video 
digitizer for the IBM PC. PCVISION 
allows OEMs to provide low-cost 
solutions for many applications 
requiring image processing. 

For details, call our Sales Department at 
(617) 938-8444. Or write to: 


IMAGING 

Imaging Technology Incorporated, 600 West Cummings Park, Woburn MA 01801 Telex: 948263 

PCVISION is a trademark of Imaging Technology Incorporated. MULTI-BUS is a trademark of INTEL Corporation. Q-BUS is a trademark of 
Digital Equipment Corporation. IBM PC is a trademark of IBM Corporation. Copyright © 1984 IMAGING TECHNOLOGY INCORPORATED. 
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Calendar 


M ARCH 

March-May. The Robot Exhibit: History, Fan- 
tasy, and Reality. American Craft Museum II at 
International Paper Plaza, New York City. Con- 
tact: Susan Harkavy, American Craft Museum 
II at International Paper Plaza, 77 West 45th 
Street, New York, NY 10036, telephone (212) 
397-0605. 

The Robot Exhibit places the robot into 
social and historical context, tracing its nearly 
5000-year development by displaying approx- 
imately 200 objects and major illustrations. 
Topics to be covered include: The History of 
Robots and Automatons; Interpretations of 
Robots; and Working Robots. Working robots, 
robot sculpture, toys, prints, photographs, slides, 
books, and video tapes will be lent by public 
and private collectors, artists, designers, inven- 
tors, and robot manufacturers. 

5-7 March. Applied Robotics for Industry. The 
Center for Professional Advancement. East 
Brunswick, NJ. Contact: Mrs. Edith Webb, 
Registrar, PO Box 964, East Brunswick, NJ 
08816-0964, telephone (201) 249-1400. 

The course prepares participants to make in- 
formed decisions leading to successful robotic 
applications. Emphasis is placed on understand- 
ing robotics technology so that potential users 
can analyze their requirements, evaluate robot 
specifications, deal with vendors, make correct 
selections, and install a profitable system. 

15-16 March. Technology Outlook. The 
Wisconsin Center, Madison, WI. Contact: 
University of Wisconsin— Extension, Depart- 
ment of Engineering and Applied Science, 432 
North Lake Street, Madison, WI 53706, tele- 
phone (608) 262-3748. 

This seminar is for industrial executives seek- 
ing an understanding of technology, and in par- 
ticular, what is likely to occur in the next five 
years. The seminar will focus on four primary 
areas: telecommunications, automation, com- 
puter advances, and genetics. 

March. Applications-Oriented Approach to Ar- 
tificial Intelligence, Course #9940F. Orlando, 
Florida. Contact: George Washington Univer- 
sity, Continuing Engineering Education, School 
of Engineering and Applied Science, 
Washington, DC 20052. (202) 676-6106, (800) 
424-9773. 

This course provides an understanding of the 
design, application, and implementation of an 
intelligent system based on artificial intelligence 
processing techniques that are directly ap- 
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plicable to the solution of practical problems. 
The course also discusses how to choose from 
among the many available options in selecting 
or designing an intelligent system based on ar- 
tificial intelligence processing techniques. The 
program is designed for project and design 
engineers, scientists, systems analysts, and 
technical managers who have responsibilities 
for specifying, designing, and implementing ar- 
tificial intelligence based systems. 

17 March. Florida Robotics Industry Con- 
ference. Orlando Marriott, FL. Contact: John 
L. Casey, Conference Coordinator, Martin 
Marietta Aerospace, Mail Point 530, PO Box 
5837, Orlando, FL 32855. 

The Florida Robotics Industry Conference is 
sponsored by an assembly of companies and 
individuals working together to foster the 
growth of high technology industries in Cen- 
tral Florida. The Orlando conference focuses 
on the specific needs of new firms manufactur- 
ing or utilizing robots. Speakers are drawn from 
both academia and industry. 

19-21 March. IEEE 1984 International Con- 
ference on Acoustics, Speech, and Signal Pro- 
cessing. Sheraton Harbor Island Hotel, San 
Diego, CA 92131. Contact: Sam S. Vilione, In- 
terstate Electronics, 707 East Vermont Avenue, 
Anaheim, CA 92805, telephone (714) 772-2811 
X6327. 

26-29 March. 1984 National Design Engineer- 
ing Show & ASME Conference. McCormick 
Place, Chicago. Contact: National Design 
Engineering Show and Conference, 708 Third 
Ave., New York, NY 10017, telephone (217) 
370-1100. 

This year’s show theme is The Design 
Engineer’s Expanding Role in Computer In- 
tegrated Manufacturing. Computers, robotics, 
microprocessors, and other electronic systems 
will be emphasized throughout the show and 
conference. The conference will offer nearly 40 
sessions arranged in four groups: Engineering 
Management and Techniques, CAD/CAM and 
CAE; Materials, Processes, Assembly, and 
Testing; and Mechanical and Fluid Systems. 


APRIL 

Call for papers. The Workshop on Non- 
monotonic Reasoning is sponsored by the 
American Association for Artificial Intelligence. 
The workshop aims to assemble theoreticians 
and practitioners from across the AI field who 
recognize a need for nonmonotonic reasoning. 


The objective is to identify those forms of plausi- 
ble reasoning which arise in different areas of 
AI, to isolate common patterns, to entertain 
various accounts of these reasoning patterns, 
and to evaluate their suitability and limitations. 

For more information regarding manuscript 
submission, due by 1 April, contact: Ray Reiter, 
General Chairman, Department of Computer 
Science, University of British Columbia, Van- 
couver, BC V6T 1W5, CANADA. 

Call for papers. The National Conference on 
Artificial Intelligence, AAAI-84, is the fourth 
national conference sponsored by the American 
Association for Artificial Intelligence. It will be 
held in Austin, TX on 6-10 August 1984. The 
purpose is to promote scientific research of the 
highest caliber in AI by bringing together 
researchers in the field and by providing a 
published record of the conference. Authors are 
invited to submit papers on: AI and Education, 
AI Architectures and Languages, Automated 
Reasoning, Cognitive Modeling, Expert Sys- 
tems, Knowledge Representation, Learning, 
Methodology, Natural Language, Perception, 
Philosophical and Scientific Foundations, and 
Robotics. 

For more information regarding manuscript 
submission, due by 2 April, contact: American 
Association for Artificial Intelligence, 445 
Burgess Drive, Menlo Park, CA 94025, 
telephone (415) 328-3123. 

April. Robot Olympics. California State College, 
San Bernardino, CA. Contact: Robot Olympics 
Committee, Computer Center, California State 
College, 5500 State College Parkway, San Ber- 
nardino, CA 92407. 

The first Robot Olympics will be held on a 
weekend in April. Sponsored by various robot 
manufacturers, software developers, publishers, 
and dealers, the weekend will also sponsor in- 
troductory and application workshops. Com- 
petitions are designed for school grades 
kindergarten through 12. 

5-6 April. Computers and Young Children. 
University of Delaware, Newark, Delaware. Con- 
tact: Computers and Young Children Con- 
ference, Division of Continuing Education, 
University of Delaware, Newark, DE 19716. 

The program is designed for teachers, ad- 
ministrators, and researchers in preschool and 
early childhood education. Hands-on work- 
shops and speakers from the Children’s Televi- 
sion Workshop and Apple Education Founda- 
tion are featured. An open-to-the-public Com- 
puter Show follows the conference. 


Now you tan program HERO 1™ 
from your tompuier. 

It’s a breakthrough by the crack 
robotics team at Virtual Devices! Meet 
MENOS I: the control system that brings 
HERO to life. 

MENOS I's software makes HERO 
more fun to operate. 

It’s as fast and easy as programming 
your PC. Because MENOS takes full 
advantage of a computer’s keyboard, 
memory, and disks — to save you months 
of time and frustration. 

MENOS even performs a diagnostic 
check every time you start operating. And 
when you write programs in our high-level 


robotic language, MENOS prompts you and 
checks your syntax. You can edit quickly, 
then download programs to HERO. 

A split window display of motor posi- 
tions and sensor readings lets you monitor 
HERO’S execution of your program. Or 
you can simulate the execution right on your 
computer screen. So you don’t even need a 
robot to learn robotics! 

MENOS I's hardware gives HERO 
a mind of its own. 

Besides a more powerful micropro- 
cessor and an RS-232 port, you get 34K of 
memory, with 3 operating systems in ROM — 
including an upgrade of HERO’S own. Plus 4 
expansion slots for more breakthroughs. 


Our fee is very reasonable. 

Especially now, when the introductory 
price is just $395. (After March 3 1 , it’s $595.) 
And you get a 30-day money-back guarantee, 
plus a full year’s warranty on parts and labor. 

To find out more, call us or write us 
at P.O. Box 30440, Bethesda, MD 20814. 
Better still, order today. And get ready to 
perform a heroic feat of surgery. 

Call toll-free: 1-800-762-ROBO. 

In Maryland, 301-986-9327. 

, viRTUAl 
dEVICES 
INC. 


WORUFS FIRST 
BRAH TRANSPULNT 
PFRFORUCD ON ROBOT. 
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13-15 April. International Personal Robot Con- 
gress & Exposition 1984. Albuquerque, NM. 
Contact: International Personal Robot Con- 
gress, 1547 S. Owens St., #46, Lakewood, CO 
80226, telephone (303) 278-0662. 

The Congress offers displays, exhibits, 
seminars, a number of cultural events portray- 
ing the history and mythology of personal 
robots, and an opportunity for robot enthusi- 
asts to display their creations and enter them 
in various robot competitions. A steering com- 
mittee has been formed with representatives 
from Heath, RB Robot, and Androbot. Nels 
Winkless, robotics writer, and Russ Eberhart, 
robot retailer, are also on the committee. 

Conference events include robot competi- 
tions, instructional sessions, and speakers such 
as Joseph F. Engleberger, David L. Heiserman, 
Nolan Bushnell, and Isaac Asimov. The various 
instructional sessions include hardware and 
software design considerations; legal issues; 
human services; robots in education; business 
opportunities; and the future of personal robots. 

23-26 April. Robotics and Remote Handling 
in Hostile Environments. Sheraton Hotel, 


Gatlinburg, TN. Contact: Norbert R. Grant at 
(615) 574-7123 or Howard W. Harvey at (615) 
483-0228, or write to Technical Program Chair- 
man, PO Box 326, Oak Ridge, TN 37830. 

The meeting is sponsored by the American 
Nuclear Society’s Remote Systems Technology 
Division (ANS/RSTD) and the Oak Ridge/Knox- 
ville ANS Section. Session titles are: History 
of Manipulators and Robotics ; Sensory Sys- 
tems; Control Technology; Manipulator and 
Robot Applications; Remote Systems Applica- 
tions in the Nuclear Industry— Fission; Remote 
System Applications in Other Hostile Environ- 
ments; Technology Development and Remote 
Systems Technology Developments at ORNL. 

24-25 April. 1984 Conference on Intelligent 
Systems and Machines. Oakland University, 
Rochester, MI. Contact: Professor Nan K. Loh 
or Donald R. Falkenburg, Center for Robotics 
and Advanced Automation, School of Engineer- 
ing and Computer Science, Oakland Universi- 
ty, Rochester, MI 48063. 

The conference will be hosted by the Center 
for Robotics and Advanced Automation in 
cooperation with sponsoring government agen- 


cies and private industry. The conference’s aim 
is to foster communication among engineers, 
scientists, government officials, and military ser- 
vices regarding issues, trends, and needs in 
research and development. Areas covered in- 
clude artificial intelligence, hardware systems, 
software systems, and applications. 

Applications-Oriented Approach to Artificial 
Intelligence, Course #994DC. Washington, DC. 
Contact: George Washington University, Con- 
tinuing Engineering Education, School of 
Engineering and Applied Science, Washington, 
DC 20052, telephone (202) 676-6106, or (800) 
424-9773. 

This course provides an understanding of the 
design, application, and implementation of an 
intelligent system based on artificial intelligence 
processing techniques that are directly ap- 
plicable to the solution of practical problems. 
The course also discusses how to choose from 
among the many available options in selecting 
or designing an intelligent system based on ar- 
tificial intelligence processing techniques. The 
program is designed for project and design 
engineers, scientists, systems analysts, and 


Computer Servo Controlled Robot Arm 

with Keyboard or Joystick Control 


Robots 



Call or Write for Free Catalog 

Analog micro Systems 


Remembers Everything It Did 
& does it again 
& again &... 

Typical System Includes: 

. Robot- 1 & Cables 
. 6 Channel Servo Controller 
. Power Supply 

. All Software with source code 

Modular Robotic Accessories: 

. Mobile Cart for Traveling 
Robot 

. Radio Links between all 
Functions 

. Robot-mounted MicronEye 
• Ultrasonic Range Finder 


Robot- 1 C for Color Computers 
Robot- IS for SS50 Systems 
Robot-IG for General Purpose Computers 
Robot- 1R for Radio Control Systems 


5660 Valmont Road - Boulder, Colorado 80301 - Tel: (303) 444-6809 
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With Our Voice Recognition System 
All Robots Can Talk To One Another 


VOICE COMMAND SYSTEM: PRICE: $595 

► VOREC— CMOS Microprocessor (65C02) based speech recogni- 
tion board mounts next to and interfaces with the HERO 
MEMCOM BOARD. 


* Speaker-dependent with nearly instantaneous word 
recognition rates. 

* Recognition accuracy about 98%. 

* Operates without need for microphone. 

* 256 word vocabulary. 

* 16K onboard battery backed static RAM. 

► VOCOL— High level language firmware in EPROMS for the HERO 
MEMCOM BOARD. 

* Supports Immediate and Deferred execution of voice 
commands. 

* Automatic command training session handled by robot. 

► VOCOL Source Code: $55.00 extra (not sold separately.) 


Send check* or money order to: 

MICROMATION INC. 

9104 Red Branch Rd. 

Columbia, MD 21045 



'Allow 2 weeks for check to clear 
Add $3.00 for shipping 


For information about this 
and other products call: 

(301) 730-1237 

9 am-5 pm Monday through Friday 
MasterCard & Visa welcome 
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ROBOTICS AGE 
BACK ISSUES 

DID YOU MISS ANY? 


SUMMER 1979: Digital Speed Control of DC 
Motors; Industrial Robots 79; Introduction to Robot 
Vision; The Grivet Chess-Playing Arm. 

(photocopy) 

WINTER 1979: Advances in Switched-Mode 
Power Conversion. Part 1; Prospects for Robots in 
Space; Robotics Research in Japan, Report from 
IJCA16. 

SPRING 1980: Microcomputer Based Path Con- 
trol; Robotics Research in France; Multiple Sensors 
for a Low-Cost Robot; the Robots of Autofact II; In- 
side Big Trak. 

SUMMER 1980: Industrial Robots; Today and To- 
morrow; Introducing the Minimover 5; Advances in 
Switched Mode Power, Part II. 

FALL 1980: Using Optical Shaft Encoders; Inter- 
view with Victor Scheinman; Robot Vision for In- 
dustry; The Autovision System; Industrial Robotics 
80; Robots on Your Own Time; Superkim Meets 
ET-2. 

JAN/FEB 1981: A Robot Arm Without a Budget; 
An Interview with Joseph Engelberger; Robots V— 
Dearborn 1980; Robots on Your Own Time; Opto 
"Whiskers," Robot Toy Designs. 

MAR/APR 1981: Video Signal Input; Chain-Code; 
Camera Geometry for Robot Vision; TIG Welding 
with Robots; Robot Digestive Track— Robots on Your 
Own Time. 

MAY/JUNE 1981: Rehabilitative Robots; A 
Homebuilt Computer Controlled Lathe; An Interview 
with Charlie Rosen; Superkim Meets ET-2, Part II. 

JULY/AUG 1 981 : Segmenting Binary Images; The 
Robot as Transfer Device; Continuous Path Control 
of Stepper Motors; TIMEL: A Homebuilt Robot. 

SEP/OCT 1981: Bullish Days in the Robot 
Business: Edge Detection in Man & Machine; Con- 
tinuous Path Control with Stepping Motors; Build a 
Low-Cost Image Digitizer, Report from JACC-81 ; The 
Robot Builder’s Bookshelf. 

NOV/DEC 1981: Teach Your Robot to Speak; Fast 
Trig Functions for Robot Control; An Interview with 
George Devol; The Great Japanese Robot Show; 
TIMEL: A Homebuilt Robot, Part II. 

JAN/FEB 1982: Avatar: A Homebuilt Robot; A 
Look at SS-50 Computer Boards; Working Within 
Limits; Ambulatron: Another Contest Winner; 
Quester. 

MAR/APR 1982: The Rhino XR-1: A Hands-On In- 
troduction to Robotics; Power for Robots; A Com- 
puter Controlled Sentry Robot: A Homebuilt Project 
Report; Natural Language Understanding: A First 
Look; RT-13 Video/Sound Recognition System; An 
Inexpensive Hand; Type ’N Talk. 

MAY/JUNE 1982: Part Sources for Robots; An In- 
expensive Arm-Hand System; The Polaroid P100 
Polapulse Battery: Solution Waiting for a Problem; 
New Robot Books for the Bookcase: Applying Robot 
Vision to the Real World; Robots VI: A Landmark 
in an Exciting Era; Photo Essay and Notes from 
Robot VI. 


JULY/AUG 1982: The Microbot Teach-mover; 
Some Notes On the Rhino XR-1 and Minimover 5; 
Patent Probe; Use Your Apple As a Robotics 
Development System; IBM Robots; Adapting a 
Speech Synthesizer; Constructing an Intelligent 
Mobile Platform, Part I. 

SEPT/OCT 1982: Roving Robots; Report on SIG- 
GRAPH ’82; Patent Probe No. 4,221,997; Construc- 
ting an Intelligent Mobile Platform, Part II; The 
Physics of One-Legged Mobile Robots. 

NOV/DEC 1982: Robot Wrist Actuators; Patent 
Probe; A Microcomputer Based, Real-Time Robot 
System; The Physics of One-Legged Mobile Robots; 
Part II; 1982 AAAI Conference; Armatron: A Study 
in Arm Engineering; Invention Documentation: A 
Primer. 

JAN/FEB 1983: The Move-Master RM-101; 
Mailmobiles in the Office; Teaching the Rhino XR-1 
to Write; The Philosophy and Birth of Computer 
Science; The 2-Roll Gripper. 

MAR/APR 1983: Nuclear Power Plant Emergen- 
cy Damage Control Robot; Artificial Intelligence and 
the Nature of Robotics; Patent Probe: Driverless 
Vehicle Autoguide; Lamberton Robots. 

MAY/JUNE 1983: Patent Probe: Multi-Purpose 
Mechanical Hand; XY Interpolation Algorithms; 
Designing With Optical Shaft Encoders; A Table of 
Contemporary Manipulator Devices; An Algorithmic 
Approach to Intelligent Robot Mobility. 


JULY/AUG 1983: The Get Away Special, Part I; A 
Nose for the Heath Hero-1; Patent Probe: Am- 
bulatory Platform; Robotics and the Law: Organiz- 
ing the Venture; A Table of Contemporary Manipu- 
lator Devices. 

SEPT/OCT 1983: ODEX 1: The First Functionoid; 
A Cog-Wheel Driven Robot Cart; A Table of Con- 
temporary Manipulator Devices; Patent Probe: A 
Portable Robot Task Analyzer; The Penpad: Hand- 
written Input for Computers; The Get Away Special, 
Part II; Flight Preparations. 

NOV/DEC 1983: Complete Control with Forth on 
a Chip; A Simple Sense of Touch for Robotic Fingers; 
Current Offerings in Robotics Education; Single 
Board Computer Manufacturers; A Table of Contem- 
porary Manipulator Devices; Welding Apparatus 
with Vision Correction. 

JANUARY 1984: Robots in Batch Manufacturing; 
Super Armatron; Directory of Robotics Education 
and Training Institutions; A Table of Contemporary 
Manipulator Devices; Patent Probe: A New Robot 
Patent Category; Operator Roles in Robotics; The 
Scorpion: Software Overview. 

FEBRUARY 1984: GRASP: From Computer Aided 
Robot Design to Off-Line Programming; Design and 
Construction of a Five-Fingered Robotic Hand; Pat- 
ent Probe: Omnidirectional Vehicle; Using Micro- 
processors with Radio-Control Servos; Designing 
a Reliable Voice-Input Robot Control Language; Part 
II, The Scorpion: Motor Control Instructions. 


Send to: ROBOTICS AGE, 

174 Concord St., 
Peterborough, NH 03458 

Copies Summer 79 $15/ea. 


(photocopy) 


Copies Winter 79 

. . $3.00/ea. 

Copies Spring ’80 

. $3 00/ea. 

Copies Summer 80 . 

. $3.00/ea. 

Copies Fall 80 

. $3.00/ea. 

Copies Jan/Feb 81 . . 

. . $3.00/ea. 

Copies Mar/Apr 81 ... . 

$3.00/ea. 

Copies May/June 81 . . 

$3 00/ea. 

Copies July/Aug 81 . 

. $3.00/ea. 

Copies Sept/Oct 81 . . . 

. $3.00/ea. 

Copies Nov/Dec 81 . . . 

. $3.00/ea. 

Copies Jan/Feb 82 . 

. . $3.00/ea. 

Copies Mar/Apr 82 . . . 

. $3.00/ea. 

Copies May/June 82 . 

. . $3.00/ea. 

Copies Jul/Aug 82 ... . 

. $3.00/ea. 

Copies Sept/Oct 82. 

$3.00/ea. 

Copies Nov/Dec 82 . . 

. . $3.00/ea. 

Copies Jan/Feb 83 . 

. . $3.00/ea. 

Copies Mar/Apr 83 . . . 

. . $3.00/ea 

Copies May/June 83 . . 

. ,$3.00/ea. 

Copies July/Aug 83 . . . 

. $3.00/ea. 

Copies Sept/Oct 83 . 

$3.00/ea. 

Copies Nov/Dec 83 

$3.00/ea. 

Copies January 84 . 

. $3.00/ea. 

Copies February 84 . . . 

. $300/ea 


3/84 RA 


□ SPECIAL OFFER: 

With my order of 10 or more back 
issues, please send me FREE, the 
photocopy of the Summer 1979 
issue— a $15.00 value! 

Send in your name, address, and payment to receive any back 
issues of ROBOTICS AGE you’ve missed. Payment must accom- 
pany order— back issues cannot be billed. 

For individual back issues add $1 .50 postage and handling for the 
first back issue. For each additional back issue add 50<t. 

Total Postage and Handling 

Total Payment Enclosed 


NAME 

ADDRESS 

CITY 


STATE 


ZIP 
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technical managers who have responsibilities 
for specifying, designing, and implementing ar- 
tificial intelligence based systems. 


MAY 

7-11 May. 1984 Computer-Aided Engineering 
and Manufacturing Seminars and Exhibition. 
North Carolina State University, McKimmon 
Center, Raleigh, NC 27605. Contact: Alice 
Strickland, NCSU, Division of Continuing 
Education, Box 5125, Raleigh, NC 27650, 
telephone (919) 737-2261. 


1UNE^ 

4-7 June. Robots 8. Cobo Hall, Detroit, Ml. 
Contact: Jeff Burnstein, Robotics Institute of 
America, PO Box 1366, Dearborn, MI 48121. 
(313) 271-0778. 

Robots 8 is the eighth annual national show 
sponsored by RIA. 

19-21 June. 3rd Canadian CAD/CAM & 
Robotics Exposition and Conference. Toronto 
International Centre of Commerce. Contact: 
Hugh F. Macgregor & Associates, 662 Queen 


Street West, Toronto, Ontario M6J 1E5 
CANADA, telephone (416) 363-2201. 

This exposition is the major Canadian mar- 
ketplace for advanced manufacturing systems. 
Conference topics include: Robotics Justifica- 
tion for Management, CAD/CAM, Robotics 
Education, Robotics Socio-Economic Con- 
siderations, Robotics Engineering, and Robotics 
Applications. 


JUL Y 

9-12 July. 1984 National Computer Conference. 
Las Vegas Convention Center, Las Vegas, NV. 
Contact: Ann-Marie Bartels, Las Vegas Conven- 
tion Center, Las Vegas, NV, telephone (703) 
558-3613. 

Enhancing Creativity is the theme of the 
TVvelfth annual NCC. The conference will focus 
on how the widespread availability of computing 
resources is altering the office, factory, and 
home. 

23-27 July. SIGGRAPH '84. Minneapolis, MN. 
Contact: SIGGRAPH Conference Office, 111 
East Wacker Drive, Chicago, IL 60601, 
telephone (312) 644-6610. 


This year’s SIGGRAPH Conference attendees 
will be treated to a vast array of technical and 
exhibit offerings. The program includes up to 
30 one or two-day courses, panels on topical 
computer graphics issues, a larger number of 
exhibits, a design arts show, and the premier 
of the first totally computer-generated Omnimax 
film. 


AUGUST 

5-8 August. Lisp and Functional Program- 
ming. University of Texas at Austin. Contact: 
Robert S. Boyer, University of Tbxas at Austin, 
Institute for Computing Science, 2100 Main 
Building, Austin, TX 78712, telephone (512) 
471-1901. 

This is the third in a series of biennial con- 
ferences on the Lisp language and issues related 
to applicative languages. Areas of interest in- 
clude implementation problems; programming 
environments; large implementations; support 
tools; architectures; microcode and hardware 
implementations; significant language exten- 
sions; lazy evaluation; functional programming; 
logic programming; combinators; FP; APL; 
Prolog; and other languages. 


PREP, INC. OFFERS FOR THE FIRST TIME A 
TOTAL ROBOTICS TRAINING PROGRAM — 

CURRICULUM PLUS HARDWARE 
The Curriculum 

The curriculum includes 7 instructional modules 
which begin with the basics and conclude with 
advanced applications. 

Contents: 

• Detailed Instructor’s Manual 

• 7 Student Texts 

• Hands-on Workbook Exercises/Experiments 

• Videotape 

• Transparencies 

• Supplemental AV Presentations 

The Hardware 

The SCORBOT Robot is the focal point of a total 
hardware package which includes: 

• The Robot with D.C. Servo Gear Motor Drive and 
5 Axes of freedom plus Gripper 

• The 8 Axes Controller with 8 lnputs/8 Outputs 
and an RS-232C Interface 

• The Microcomputer — software compatible for 
Apple, IBM and TRS-80 personal computer 

• Other hardware such as a Teach Pendant, Vision 
Systems and Conveyor Belt, among others are 
currently under development 

For a free detailed proposal, call PREP, Inc. toll free 
800-257-5234 or 609-882-2668. Or write to: PREP, 
Inc., 1007 Whitehead Road Ext., Trenton, NJ 08638 
USA. 

PREP, Inc. is the exclusive distributor in the United 
States and Canada for ESHED, Robotec, Ltd., Israel. 
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COME VISIT ALBUQUERQUE. Personal 
robots now have a show all their own, the 1984 
International Personal Robot Congress (IPRC). 
Robotics Age will cover the show’s progress from 
April 13th through the 15th. Other expected 
exhibitors are drawn from companies such as 
Heath, Inc., RB Robot Corp., Androbot, and 
Excalibur Technologies. The conference has the 
potential to be an exciting gathering of 
manufacturers and designers in the personal 
robot industry. Invited speakers topics span the 
range from earth-bound facts to blue-sky 
speculation, including talks from Joseph 
Englebeirger, Nolan Bushnell, David Heiserman, 
and Isaac Asimov. 

Conference topics range from software and 
hardware design considerations through the use 
of robots in education to the legal aspects of 
robotics. In addition to the conferences, a robot 
competition will be held for both commercial- 
ly manufactured and experimental robots. 

ANDROBOT ALTERATIONS. Androbot, Inc. 
has a new president. Skip Steveley will now be 
guiding Androbot’s products to market. 

WALKING ROBOTS. The September/October 
Robotics Age cover story describing the six- 
legged Odetics walking machine received quite 
a bit of mail from people interested in the 
specific product as well as people building their 
own walking machines. One of the most inter- 
esting letters was from D. J. Todd in Wiltshire 
England. He included a photo of his own six- 
legged, pneumatically-powered walking robot. 
D. J. stated that this was the latest in a series 
of walking robots which he has constructed. We 
are interested to hear from anyone else design- 
ing or constructing their own walking machines. 

NAVY CONTRACT. MTS Systems Corpora- 
tion has been awarded a $9.3 million contract 
from the Naval Research Laboratory to develop 
an articulating robotic system. Funding for this 
contract came from the Navy’s Manufacturing 
Technology Program (ManTech). The system is 
slated for precision manipulation of a high- 
power, 25 kW laser beam which performs metal- 
working tasks such as welding, cutting, heat 
treating, glazing, and cladding. MTS of Min- 
neapolis, Minnesota will provide robotics and 
associated control systems, a laser beam trans- 
port system, metalworking process control, and 
a precision sensor system for welding seam 
tracking. 


Inc. has provided an expert system called The 
Drilling Advisor which provides advice on prob- 
lems encountered during the drilling of oil wells. 
The software was developed for the French na- 
tional company Societe Nationale Elf Aquitaine. 
The Drilling Advisor can diagnose “sticking” ac- 
cidents that may occur during drilling. Stick- 
ing is a condition in which the rotary and ver- 
tical motion of the drilling apparatus is frozen, 
preventing further drilling or the return of the 
equipment to the surface. In addition to iden- 
tifying the cause of the problem, the system of- 
fers advice on actions to free the drill and 
preventive measures to avoid a recurrence of 
the accident. 

MISSILE FLIGHT SIMULATOR. Contraves 
Goerz Corporation of Pittsburgh, Pennsylvania 
is using an industrial robot as a key element 
in a new simulation facility. Complex flight con- 
trol systems and development, testing, and 
maintenance costs demand cost effective solu- 
tions to system development requirements. Sig- 
nificant cost savings can be realized by com- 
puter simulation of an overall system during the 
design phase of new flight hardware. Simula- 
tions are used to evaluate many possible con- 
figurations and components and model the 
dynamics of a complete system prior to any 
device hardware fabrication. Once prototype 
flight system components have been produced, 
the simulation facility uses the actual hardware 


elements and simulates (in real time) the en- 
tire mission, to validate the initial theoretical 
design for the real world variations which always 
occur in the transition from theory to hardware. 

In the Contraves system, a seeker/guidance 
package is mounted on a multi-axis motion 
simulator. A target positioning system is 
mounted across from the guidance package, 
permitting the simulation of the target motion 
as well as the motion of the seeker/guidance 
package. This type of mission simulation is very 
difficult since modern terminal guidance pack- 
ages (infrared, laser, and radio frequency) are 
becoming increasingly sophisticated in their ac- 
curacy and ability to discriminate a target. The 
use of a robot arm provides a flexibility and ac- 
curacy unavailable through previous simulation 
systems. 

CONTINUOUS SPEECH. Voice recognition 
equipment has progressed dramatically in the 
last decade. Systems are now available which 
can recognize hundreds of different words 
spoken by many different people. A capability 
which has continued to elude speech recogni- 
tion researchers is the ability to understand con- 
tinuously spoken speech. Votan of Fremont, 
California claims to have a new system which 
can recognize continuously spoken speech. A 
technique called Word Spotting is a key feature. 
The system can pick out target words located 
anywhere within a stream of normal conversa- 



EXPERT OIL WELL SYSTEM. Teknowlege, Photo 1. Robot provides cost-effective solutions for simulation systems. 
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tion. This word spotting system eliminates the 
need for pauses between words. Training the 
system to recognize continuous speech will be 
similar to training for isolated word recognition. 

HITACHI GRIPPER. Hitachi’s experimental 
hand uses Shape Memory Alloy (SMA) for light 
weight, compactness, and human-like flexibil- 
ity. Made from nickel and titanium, this alloy 
reduces the weight of the forearm to only three 
pounds. Measuring 80 mm wide by 400 mm 
long by 50 mm high, the forearm contains fifty- 
four 0.2 mm SMA wires for finger actuation and 
eight 0.35 mm SMA wires for wrist actuation. 
Passing an electric current through an SMA 
wire causes it to shrink back to its original size. 
This shrinking force is used to actuate the hand. 

OCTEK PURCHASED. Octek, Inc. was recent- 
ly acquired by the Foxboro Corporation. The 
$8 Million purchase will provide Octek with an 
autonomous operating environment while pro- 
viding the financial strength to continue new 
developments. Octek will be developing and 
marketing a new line of machine vision systems. 



Photo 2. Shape Memory Alloy is source of grippers power. 


UO-LISP 

A LISP Programming Environment 

An Excellent System for 
A. I., Robotics & Intelligent Systems 
An Optimizing Compiler and Assembler 

Documentation 

Comprehensive manual 
covering all aspects of the 
system. Numerous examples 
of each facility are included. 

Interpreter 

Over 125 functions 
implemented in 
the base interpreter. 
Additional Development and 
Example Software Available. 

Fast Load Libraries 

Compiled code can be stored in relocatable files. 

Requirements 

CP M System. Also available for TRS 80 Model I 
or Model III 48K dual disks. 

Ordering 

Systems Manual $ 35.00 

Basic System $100.00 

Development System . . $250.00 

VISA and Mastercard 

Please include expiration date and Card No. 

Write for your FREE copy of our catalog 

FAR WEST 

SYSTEMS & SOFTWARE, INC. 

P.O. Box 6582, Palo Alto, California 94305 (415) 941-0900 




Micromint will put both a computer 
development system and an OEM dedicated 
controller in the palm of your 
hand for as little as $105* 



As featured in Ciarcia's Circuit Cellar. 


quantities of 100 


Z8 CROSS ASSEMBLERS 
FROM ALLEN ASHLEY 
ForTRS-80 Model I (XAS01) • $ 75 
For TRS-80 Model III (XAS02) $ 75 

CP/M 2.2 8" (XAS03) $150 

Northstar 5’/-" (XAS04) $ 75 

FROM MICRO RESOURCES 

CP/M 2.2 8" (MR01) $ 75 

Apple II CP/M 5%" (MR 02) . . $ 75 
6502 based systems (MR03) . . $ 75 
IBM PC 5%" (MR04) $ 75 

EB 


Byte Magazine. July. August. 1981. 


To Order : 


Z8 BASIC SYSTEM CONTROLLER 

(BCC11). . $149 

NEW Z8 FORTH SYSTEM 
CONTROLLER (BCC21). . $280 


Call Toll Free 
1-800-645-3479 

For Information Call: 

1-516-374-6793 


NEW TERM MITE Z8 BUS COMPAT- 
IBLE INTELLIGENT TERMINAL 
BOARD (BCC22) . . 

Z8 Expansion Board 

w/8K memory (BCC04). . 

Z8 Mother Board 

w/ 5 gold connectors .... (MB02) . . 
Z8 EPROM Programmer . . (BCC07). . 
Z8 Serial Expansion Board . (BCC08) . . 
Z8 BASIC A to 0 Converter (BCC13) . . 
Z8 BASIC 16K Memory Expansion 

(BCC15) . . 



561 Willow Avenue 
Cedarhurst, NY 1 1516 


Z8 is a trademark of Zilog Inc. 
CP/M is a trademark of 
Digital Research 


S275 


$180 

$ 69 
$145 
$160 
$140 

$155 


Circle 7 


Circle 17 
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ARMEQA33 

PART I: MECHANICAL DESIGN 


D. F. Boyd 
5337 Taney Avenue 
Number 301 
Alexandria, VA 22304 



Armega 33 in formal dress. The arm has been enclosed in a 
lightweight fiber sleeve and base cover which protects the 
mechanical elements as well as providing smoother contours. 


Several major objectives guided 
the design and development of 
the Armega 33 arm. 

• Create a low-cost arm by 
making maximum use of com- 
monly available materials and 
components. 

• Provide an effective test 
bed for the development and 
testing of computer software 
for controlling manipulator 
arms. 

• Produce a manipulator of 
sufficient size to provide a 
realistic pattern of dynamic 
control problems similar to 
those encountered in a light- 
duty industrial arm. 

These objectives were largely 

realized in the design described 
in this article, and at a relatively 
modest cost. 

Significant design features. One 
central design feature is the use 
of lead screw mechanisms for five 
of the six servos which drive the 
arm’s movements. Lead screws 
have several advantages for this 
purpose. They can be set up to 
provide very strong driving forces, 
lock themselves into an immova- 
ble position when at rest, and 
provide smooth and precise 
movements. 

Arm control is based on a 
closed loop system with a positive confir- 
mation of the actual movement of all 
elements being fed back to the computer. 
In addition, the arm can be returned under 
software control to an index or home posi- 
tion at the end of a programmed routine 
or at any intermediate stage where this 
might be desirable. 

Control programs for the arm can be 
written in BASIC. I obtained the necessary 


computation speed by using a BASIC 
compiler. 

Armega 33 is described as “human- 
sized.” This is literally true in terms of 
overall dimensions. Shoulder-to-elbow 
length is 15 in. (38.1 cm), elbow-to-wrist 
another 15 in. (38.1 cm), and wrist-to- 
gripper pads 6.5 in. (16.5 cm). In its most 
extended horizontal position Armega 33 
has a total reach of 33 in. (83.8 cm) which 


also explains the origin of the 
name. The hand or gripper jaws 
can be opened to a width of 4.5 
in. (11.4 cm). 

Thble 1 lists the general 
specifications for the Armega 33 
arm. 

Arm Configuration. As shown in 
photo 1, the main structure of the 
arm above the base consists of 
truss-like elements fabricated 
from aluminum angle stock. The 
shoulder pivot, which rests on the 
base, supports the shoulder ser- 
vo which moves in the bicep 
through a pushing lead screw 
which is always in compression. 
The bicep itself is an aluminum 
truss which supports the travel- 
ing nut for the elbow servo which 
moves the forearm. 

The elbow servo is attached to 
the rearmost extension of the 
forearm. This is a puller servo in 
which the lead screw is always in 
tension. The forearm is a some- 
what smaller aluminum angle 
truss, similar to the bicep. The 
wrist pitch servo is mounted near 
the center of the forearm, im- 
mediately behind a 2Vz in. (6.4 
cm) diameter pulley. The travel- 
ing nut is attached to this pulley 
which, in turn, drives a l l /\ in. 
(3.2 cm) diameter pulley. This 
smaller pulley may be seen at the extreme 
front of the forearm. It is rigidly fastened 
to the wrist pitch bearing and rotates the 
hand through 180 degrees about the wrist 
pitch axis. 

At this point it may be helpful to expand 
a little on some characteristics of lead 
screw servos. As noted earlier, lead screws 
can be used to provide smooth and power- 
ful driving forces. In the Armega 33 they 
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Configuration— Five axes of rotation: 

Body Rotation (180 degrees) 

Shoulder Rotation (100 degrees) 

Elbow Rotation (100 degrees) 

Wrist Pitch (180 degrees) 

Wrist Roll (2160 degrees) 

Drive -Geared direct current motors with lead screws for Body, Shoulder, Elbow, Wrist 
Pitch and Hand. Geared direct drive for Wrist Roll. 

Control— Closed loop using a TRS-80™ microcomputer with an 8-bit parallel 
interface board. 


Programming Language— BASIC source program compiled with an integer 

compiler for increased computational speed. 

Power— 12V, 4A, direct current 


Performance: 

Avg. Rate 

Average 

Element 

of Rotation 

Resolution 

Body 

0.31 radians/sec 

0.52 degree 

Shoulder 

0.12 radians/sec 

0.35 degree 

Elbow 

0.18 radians/sec 

0.40 degree 

Wrist Pitch 

0.38 radians/sec 

1.11 degrees 

Wrist Roll 

0.72 radians/sec 

1.75 degrees 

Hand 

3.6 seconds (full open to closed, 4.5 inches) 


Load Capacity - 

-2.5 lbs. (1.4 kgm), at full extension. 



Reach— 33 in. (84 cm). 


Gripping force— At stall, 5 lbs. (2.3 kg). 

With spring-loaded limit switch, 1.0 lbs. (0.45 kg). 


Tible 1. Armega 33 specifications. 


are used in every case to rotate one ele- 
ment of the arm with respect to another 
element. This is accomplished with a 
crank-like action in which the angle be- 
tween the elements is constantly changing. 
At small angles the driving radius remains 
almost constant, but as the range of rota- 
tion begins to exceed 100 degrees, the ef- 
fective driving radius (and therefore the ef- 
fective force) begins to diminish rapidly. As 
a result, the designer must contrive to hold 
these angular rotations to around 100 
degrees or less. 

This does not present any great problem 
in the case of the shoulder and elbow ser- 
vos which rotate a maximum of 100 de- 
grees, as indicated in table 1. This is en- 
tirely adequate to rotate the forward end 
of the forearm, in the vertical plane, from 
below the horizontal to several degrees 
beyond the vertical, as shown in figure 1. 
Body rotation and wrist pitch rotation, 
however, are different matters. Each of 


these rotations is required to be 180 
degrees. The pulley arrangement described 
above for the wrist pitch servo permits this. 
When the wrist pitch servo drives the large 
pulley through 90 degrees, the small pulley 
fastened to the wrist pitch bearing rotates 
180 degrees. A similar arrangement is used 
to achieve 180-degree body rotation. I will 
discuss this arrangement in more detail 
later. 

To continue with the description of the 
arm structure— referring again to photo 
1— the wrist rotation drive servo projects 
above the small pitch pulley directly along 
the vertical axis of the hand. This is the 
only one of the six Armega 33 servos which 
does not use a lead screw. It is simply a 
geared direct drive, but with the formidable 
gear ratio of 1600 to 1. With the servo- 
motor spinning at about 12,000 revolu- 
tions per minute, the hand rotates 360 
degrees in 8V2 seconds. The servo power 
and feedback wiring for the hand pass 


through the hollow wrist rotation shaft. 
The hand can rotate at least three full 
revolutions in either direction before the 
wiring begins to tighten up. 

The hand itself is fabricated largely from 
0.032 in. (0.8 mm) aluminum sheet, and 
is driven by a lead screw servo which is 
partly visible in photo 1. The radius rods 
hold the gripper pads parallel at all times. 
In the fully open position, the hand can 
grasp objects up to 4 ¥2 in. (11.4 cm) wide. 

Arm Construction. The most common 
material used in arm element construction 
above the base is V 2 in. by y 16 in. thick 
aluminum angle stock (1.3 cm by 1.6 mm). 
A few pieces of V 2 in. by % 6 in. aluminum 
strip are also used, together with 3 A in. by 
Ys in. thick flat aluminum (1.9 cm by 3.2 
mm). The entire arm is fastened together 
with screws, nuts and threaded rods. The 
threaded rods, in sizes 6-32 and 10-24, 
establish the width of the truss structure 
for each arm element and hold the alumi- 
num angle stock in position to develop 
maximum rigidity and resistance to bend- 
ing stress. 

Bearings, including both those for hing- 
ing the arm elements and for carrying the 
servo driving forces, are made of nested 
steel and brass tubing. Nested tubing with 
only a few thousandths of an inch clear- 
ance between sizes can be obtained in a 
variety of sizes. The inner bearing tube, 
in each case, is supported by a 10-24 
threaded rod inserted through it and 
through the side members of the truss 
structure. To carry the servo forces or to 
support pulleys, a nested tubing size is 
fitted over the bearing tube and passes 
through the servo draw bars or is fastened 
to the pulley. 

As a result of these simple construction 
techniques, a considerable degree of preci- 
sion can be obtained with a minimum of 
difficult and precise machining operations. 
It is only necessary that the drilled holes 
in the side members of the trusses be in 
the same relative position on the left and 
right side members. This is easily accomp- 
lished by simply clamping them together 
in a drilling vise and drilling them at the 
same time. 

It is necessary that the travelling nuts for 
the lead screws be accurately drilled and 
tapped. Actually these so-called “nuts” are 
not really nuts in this case, but % in. 
diameter (9.5 mm) aluminum rods. They 
are mounted between the side rails of the 
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truss structures and are supported by 
machine screws which pass through short 
brass tubing bearings pressed into the side 
rails and threaded into tapped holes in 
each end of the rods. The lead screw hole 
itself should be carefully centered in the 
rod and drilled and tapped precisely at 
right angles to the rod. 

To ensure the entire arm assembly is ac- 
curately rigged and aligned, all that is 
needed is to continue to adjust the clamp- 
ing nuts on the transverse threaded rods 

1 8 ROBOTICS AGE March 1984 


until everything is straight, parallel and 
square. 


The Servos. The five lead screw servos 
used in Armega 33 bear a strong resem- 
blance to one another. They are all based 
on a popular motor and reduction gear set 
available at many hobby and craft shops. 
Drive motors are direct current permanent 
magnet types. The reduction gear sets and 
housings are of molded plastic. These have 
a somewhat fragile appearance but are 


remarkably rugged and durable when 
properly shielded from the heavy thrust 
bearing loads. An additional modification 
includes keying the final lead screw drive 
gear to the drive shaft to resist the abrupt 
starting and stopping shock loads. 

Photo 2 shows details of the shoulder 
driver servo. Note that the reduction gear 
housing has been enclosed in a 0.032 in. 
(0.8 mm) aluminum cage which is further 
stiffened and reinforced by the two ex- 
truded aluminum drawbars which transmit 
the thrust loads to the shoulder servo pivot 
bearing. Photo 3 is a front view of the 
shoulder servo giving details of the counter 
cam, and counter roller switch (about 
which, more later). The aluminum cage 
takes the thrust loads, both front and rear, 
against the steel collars clamped to the 
drive shaft. Brass washers are used as the 
actual bearing surface in each case. 

The servo reduction gear housings can 
accommodate from one to five compound 
spur gears between the small brass motor 
shaft pinion and the Teflon final drive gear 
that actually rotates the lead screw. This 
permits gear reduction ratios ranging from 
9:1 to 1600:1 between motor rotation and 
lead screw rotation. As a result, motors can 
be selected which are in the required 
power range and then easily tuned to give 
the desired rate of lead screw rotation by 
varying the number of compound gears in 
the reduction gear housing. The reduction 
ratios actually found most suitable for the 
lead screw servo motors range from 27:1 


Photo 1. Armega 33, showing general structural features. Human-sized dimen- 
sions give the arm a maximum reach of 33 in. 


Photo 2. Shoulder servo, typical of the lead screw 
drives employed in five of the six servos used in 
Armega 33. 



/ 

/ 

Figure 1. Swept volume diagram for Armega 33. With a maximum reach of 33 in., the arm sweeps through a semicircle 5V2 ft. (1.7 m) in diameter. Vertically, 
the arm extends to a maximum height of 44 in. (1.1 m). This diagram shows the total volume which can be reached by the gripper pads. The small cavity shown 
at the center of rotation depicts the core region, which cannot be reached. Deducting this volume from the total envelope gives a total accessible volume of more 
than 28 cubic ft. (0.8 cubic meter). 


to 81:1. As mentioned earlier, the direct 
drive wrist roll servomotor uses a ratio of 
1600:1. 

While on the subject of servos, let’s con- 
sider a problem which must be dealt with 
by all designers and constructors of robot 
devices. This is the problem of play, slack 
and backlash in mechanical linkages of 
almost any kind. It is virtually impossible 
to eliminate these totally, and whatever 
amount remains tends to limit the final 
level of precision with which the device can 
be controlled. In the case of a manipulator 
like Armega 33, it especially limits the abili- 
ty to repeat movements precisely. This 
looseness in the total mechanism comes 
from three principal sources: play in the 
bearings which serve to hinge the major 
elements of the arm (bicep, forearm, wrist, 
etc.); play between the threads of the lead 
screws and the tapped holes in the travel- 
ing nuts (cross bars) through which they 
drive the arm movements; and backlash in 
the reduction gears through which the ser- 
vomotors drive the lead screws. 



Photo 3. Front view of shoulder servo showing the 
counter cam and roller lever switch. 


These three sources of play and back- 
lash have each been minimized to a con- 
siderable degree in Armega 33. With 
respect to the pivot bearings which hinge 
the arm elements, at no time do these 
bearings undergo a major shift in the direc- 
tion of the bearing load. Even when the 
arm is not lifting a useful load, the weight 
of the arm elements themselves produce 


a load pattern. When handling a useful 
load, the bearing forces are simply in- 
creased and the direction is essentially un- 
changed. Thus there is no sudden up-to- 
down or forward-to-backward reversal 
which would shift the bearing clearance to 
the opposite side of the bearing tube. 

In the case of the lead screw thread 
clearance, this looseness is minimized in 
the shoulder, elbow and wrist pitch servos 
since lead screws remain always either in 
tension (elbow and wrist pitch), or com- 
pression (shoulder). As a result, the female 
threads of the traveling bar always ride on 
the same surface of the lead screw threads 
whether lifting or lowering a load. 

The simplest way to mimimize the reduc- 
tion gear backlash problem is to reduce 
the number of gears. This is effectively ac- 
complished in Armega 33 through the use 
of the lead screw principle. The lead screw 
mechanism itself is a powerful form of 
down-gearing. The shoulder servo, for ex- 
ample, uses only three spur gears to pro- 
duce a reduction of 27:1 between motor 
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and lead screw. If the servomotor itself were 
geared directly to the shoulder pivot, it 
would require a reduction ratio of almost 
14,000:1, which would more than double 
the number of spur gears. 

The Base. As mentioned earlier, the base 
rotation servo also uses the lead screw 
principle. However, the special need for 
precision in base rotation together with 
other requirements for smoothness and 
rigidity, created special problems in the 
design and construction of the base. Unlike 
the other servos, in which gravity mini- 
mizes lead screw slack by always keeping 
the driving force on the same surface of 
the threads, there is no such constant load 
at the base. In addition, rotation about the 
body axis is especially sensitive to rotation 
errors. At full arm extension all errors are 
magnified by the full 33 in. radius to the 
hand. At the same time, the base supports 
the whole weight of the upper arm ele- 
ments themselves, in addition to any useful 
load that is being carried. Also, with rota- 
tion at any reasonable speed, the inertia 
loads become substantial during the ac- 
celeration and deceleration phases of 
movements about the body axis. 

Accordingly, the base structure requires 
ruggedness and rigidity along with smooth 
rotation, load-bearing ability, and finally, 
almost no slack or play in the driving 
mechanism. The final structure has all 
these features, but went through many 
transitions, modifications and false starts. 
The base, in many respects, was the most 
difficult of all the mechanical elements. 

The turntable element of the base, which 
is the actual rotating surface to which the 
shoulder pivot is fastened, is cut from a 
good grade of 5-ply plywood. This provides 
the kind of stiffness and rigidity needed at 
a number of points in the base structure. 
Plywood, however, is subject to some ex- 
pansion and contraction with changes in 
temperature and humidity. As a result, it 
is not an adequate material upon which to 
depend for the critical location and align- 
ment of the body rotation driving elements. 
What ultimately evolved was a kind of 
layered construction in which plywood is 
used at several levels for its stiffness, but 
with two steel templates sandwiched in be- 
tween to establish and maintain the critical 
locations of bearings and shafts, etc. The 
lower template can be seen in photo 1 just 
below the large drive pulley which extends 
from the rear of the base. The body servo 
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lead screw can also be seen, in photo 1, 
passing through the traveling bar fastened 
to the large pulley. 

The base uses two different types of 
bearings. The principal load-bearing ele- 
ment is a large, flat Lazy Susan™ type 
ball bearing with a 5Vi in. (14 cm) race 
diameter. It is bolted between the turntable 
and the second plywood disk immediately 
beneath the turntable (see photo 1). The 
second base bearing is of an entirely dif- 
ferent sort and is designed to resist the for- 
ward tilting force generated by the 
extended arm which would otherwise tend 
to put most of the down load only on the 
forward half of the Lazy Susan ball bear- 
ing. The vertical shaft, which rests in the 
second bearing at its lower end, is hollow 
and made from a threaded electric light fix- 
ture conduit with a % 6 in. (8.0 mm) inter- 
nal diameter. The upper end of this shaft 
may be seen in photo 2, below the 
shoulder servo, where it is clamped to the 
turntable with a large hexagonal nut. All 
of the 41 power and feedback wiring leads 
from the upper arm pass through this 
hollow shaft. The wiring is thus protected 
and subjected to minimal twisting from 
turntable rotation. 

Photo 4 shows the bottom of the base. 
The lower end of the vertical shaft fits in- 
to the aluminum bar which serves as the 
bearing. The power and feedback wires are 


also visible emerging from the hollow shaft. 
Six 10-24 threaded rods, seen protruding 
through the bottom plate, are used to 
clamp the whole base structure together. 

Details of the base lead screw servo drive 
are also visible in photo 4. The front of 
the base servo is shown at the upper left 
of the opening just above the small 2 in. 
(5.1 cm) diameter pulley. This pulley, which 
is fastened to the hollow shaft and which 
actually rotates the turntable, is in turn 
driven through the steel cable by the large 
pulley which is 4 in. (10.2 cm) in diameter. 
The small pulley is rotated through 180 
degrees when the large pulley is driven 
through a 90-degree angle by the lead 
screw. 

Finally, the means for eliminating slack 
in the base driving mechanism was found 
in the use of a heavy coil spring which is 
seen below the lead screw in photo 4. The 
coil spring keeps the lead screw always in 
compression and thus driving on the same 
surface of the screw threads. This arrange- 
ment is very effective. It is also worthy of 
mention that despite the fact that the 
spring rate is 3 pounds per in. of exten- 
sion (0.6 kgm per cm), there is no percep- 
tible difference in the rate of rotation of 
the base whether moving against the 
spring or with it. This is simply another 
demonstration of the strong driving force 
developed by the lead screw. 



Photo 4. Bottom view of the base of the arm showing elements of the body rotation drive. 


The Hand. The hand mechanism is in- 
tegral with the wrist rotation drive and the 
entire unit rotates about the wrist pitch 
axis. Photo 5 illustrates this relationship. 
As noted earlier, the wrist rotation servo 
operates as a direct drive but with a very 
high gear reduction between the servo- 
motor and hand (1600:1). Also visible in 
photo 5, just above the servo reduction 
gears, is the counter cam and counter 
roller switch for monitoring wrist rotation. 
The wrist rotation indexing or homing 
switch can be seen at the left of the wrist 
rotation bearing support structure just 
above the aluminum base of the hand 
(more later about these feedback switches). 
Six of the leads, which are visible in the 
wire bundle at the top of the photo, ter- 
minate in the hand itself. These six leads 
pass through the hollow shaft which sup- 
ports the hand and thus do not interfere 
with hand rotation by the wrist rotation ser- 
vo. As a result, the hand can be rotated 
more than three revolutions in either direc- 
tion from the home position. 

At the right of photo 5, the lever and coil 
spring of a spring-loaded limit switch is visi- 
ble. When the hand closes upon an object, 



Photo 5. Top side of the hand or gripper. Maximum 
opening of jaws is 4*/2 in. 

the squeezing force developed builds up 
to a point sufficient to compress the spring, 
open the switch, and cut the power to the 
hand servo. The spring shown permits a 


force of about one pound (0.45 kg) to be 
developed. Because of the nature of the 
lead screw drive, the hand mechanism is 
absolutely locked in the stopped position 
and fully maintains the gripping force. The 
hand servo is capable of exerting a force 
of up to five pounds (2.3 kg) between the 
gripper pads. Stiffer springs may be in- 
serted to develop gripping forces up to this 
limit. Still another switch is visible in photo 

5 at the upper end of the gripper jaw at 
the left. This is a limit switch which is ac- 
tivated when the hand is fully open and 
cuts the servo power at that point. 

The hand itself is constructed largely of 
0.032 in. (0.8 mm) aluminum sheet. Photo 

6 shows the reverse side of the hand and 
displays details of the servo drive and tie 
rod linkages. The hand servomotor and 
gearbox may be seen partly nested in the 
hand base element. The lead screw ex- 
tends to the right gripper arm where it 
passes through a short traveling rod fas- 
tened to the gripper jaw. The extension of 
the lead screw shaft that extends through 
the other gripper jaw is an unthreaded 
shaft which rotates freely in another 

Continued on page 24 
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Tomorrow’s quality recognition systems...Today 


► 20 ms Response Rate 

• 320 x 484 x 6 Bit Pixel Density 

• True 64 Grey Level Analysis 


• No Shape Restrictions 

• 255 Image Capacity in Main Memory 

• Windowing 


Pattern Processing Corp. 51 1 Eleventh Ave. So. Mpls., MN 55415 USA (612) 339 • 8488 


Circle 19 
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Super assemblers 
plus the world’s 
largest selection of 
cross assemblers! 


Z*80 Macroassembler $49.50 

Power for larger programs! This 2500AD macro- 
assembler includes: 

• Zilog Z-80 Macroassembler (with the same powerful 
features as all our assemblers) 

• powerful linker that will link up to 400 files 

• Intel 8080 to Zilog Z-80 Source Code Converter (to convert 
all your Intel source to Zilog Syntax in one simple step) 

• COM to Hex Converter (to convert your object files to Hex 
for PROM creation, etc.) 

• 52 page User Manual 

8086/88 Assembler 
with Translator $99.50 

Available for MSDOS, PCDOS, or CPM/86! This fully 
relocatable macroassembler will assemble and link code for 
MSDOS (PCDOS) AND CPM/86 on either a CPM/86 or 
MSDOS machine. This package also includes: 

• An 8080 to 8086 source code translator 
(no limit on program size to translate) 

• A Z-80 to 8086 translator 

• 64 page user manual 

• 4 linkers included: 

-MSDOS produces .EXE file 
-CPM/86 produces .CMD file 
-Pure object code generation 
-Object code and address information only 

Linker features: 

• Links up to 128 files 

• Submit mode invocation 

• Code, Data Stack and extra segments 

• Handles complex overlays 

• Written in assembly language for fast assemblies. 

Z-8000 Cross Development 
Package $1 79.50 

Instant Z-8000 Software! This package allows devel- 
opment and conversion of software for the Z8001 , 

8002, 8003 and 8004 based machines on a Z-80, Z-8000 


or 8086 machine. This powerful package includes: 

• a Z-80 to Z-8000 Assembly Language Source Code 
Translator 

• an 8080 to Z-8000 Source Code Translator 

• Z-8000 Macro Cross Assembler 

• Linker and Loader 

• COM to Hex File Converter 

• a 100 page User Manual 

• a Zilog Z-8000 Technical Reference Manual 

The Translators provide Z-8000 source code from Intel 
8080 or Zilog Z-80 source code. This source code 
expansion is from 2% to 11%. The Translator outputs a 
worksheet and a Z-8000 source file. The worksheets 
show each line of 8080 Z-80 code, with notes to help the 
programmer to optimize performance, and further 
lower code expansion. It even comments lines it adds! 
The Z-8000 source code used by these packages are 
the unique 2500AD syntax using Zilog mnemonics, 
designed to make the transition from Z-80 code writing 
to Z-8000 easy. 

All 2500 AD Assemblers and Cross Assemblers 
support the following features: 

Relocatable Code — the packages include a 
versatile Linker that will link up to 1 28 files together, or 
just be used for external reference resolution. The 
Linker allows Submit Mode or Command Invocation. 

Large File Handling Capacity — the Assembler will 
process files as large as the disk storage device. All buf- 
fers including the symbol table buffer overflow to disk. 
Powerful Macro Section — handles string 
comparisons during parameter substitutions. Recursion 
and nesting limited only by the amount of disk storage 
available. 

Conditional Assembly — allows up to 248 levels 
of nesting. 

Assembly Time Calculator — will perform calcula- 
tions with up to 16 pending operands, using 16 or 32 Bit 
arithmetic (32 Bit only for 16 Bit products). The algebraic 
hierarchy may be changed through the use of parentheses. 


Include files supported — 

Listing Control — allows listing of sections on the 
program with convenient assembly error detection 
overrides, along with assembly run time commands 
that may be used to dynamically change the listing 
mode during assembly. 

Hex File Converter, included — for those who 
have special requirements, and need to generate 
object code in this format. 

Plain English Error Messages — 

System requirements for all programs: 

Z-80 CP/M 2.2 System with 64K RAM and at least a 96 


column printer is recommended. Or 8086/88 96K CP/M 
or MSDOS (PCDOS). 

Cross Assembler Special Features 

Z-8 — 256 User defined registers names, directive to 
engage UPC, Z-80 style syntax. 

8748 — fully Intel source code compatible. 

8051 —256 User defined register names, bit 
addressable naming allowed. 

6800 Family — absolute or relocatable modes, 
all addressing modes supported, Motorola syntax 
compatible. 

6502 — Standard syntax or Z-80 type syntax 
supported, all addressing modes supported. 


■ 8086 and Z-8000 XASM includes Source Code Translators 1 


Z-80 

CP/M a 


ZILOG 

SYSTEM 8000 
UNIX 


IBM P.C. 
8086/88 
MSDOS 


IBM P.C. 
8086/88 
CP/M 86 


OLIVETTI 

M-20 

PCOS 


8086/88 ASM 
8086/88 XASM 

$179.50 

$750.00 

$99.50 

$99.50 

$179.50 

Z-8000 JS ASM 
Z-8000 XASM 

179.50 

750.00 

179.50 

179.50 

299.00 

Z-80 ASM 
Z-80 XASM 

49.50 

500.00 

$99.50 

$99.50 

$99.50 

Z-8 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 

6502 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 

6800,2,8 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 

6801 ,03 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 

6805 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 

6809 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 

8748 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 

8051 XASM 

99.50 

500.00 

$99.50 

$99.50 

$99.50 


Subtotal $ 


$. 


$. 


$. 


Name 

Company 
Address _ 

City 

Phone 


State 


Zip _ 
Ext. 


Make and model of computer 
system 


TO ORDER. Simply circle the product or 
products you want in the price columns above, 
enter the subtotal at the bottom of that column 
and add up your total order. Don’t forget 
shipping/handling. Totaj $ 

shipping/handling 
($6.50 per unit) $ 


□ C.O.D. (2500AD pays C.O.D. charges) 

□ VISA or MasterCard #, Exp. Date (mo./yr.) 


Check one: 

□ 8" Single Density 

□ 5V4* Osborne 

□ IBM P.C. 

□ Cartridge Tape 

□ Apple (Softcard) 


Total Order $ 


CP M is a registered trademark of Digital Research. Inc. 


Signature 


25003D9CFM4REINC 


P.O. Box 441410, Aurora, CO 80014, 303-752-4382 


Circle 1 


Continued from page 21 

aluminum bar. Tvo steel collars on this 
shaft impose both pulling and pushing 
forces on the second gripper jaw. The drive 
servo itself slides back and forth inside the 
hand base element. Ttoo pairs of tie rods 
are employed in the hand. The pair which 
forms an inverted V and is linked to the 
sliding bar at the center is necessary to 
keep the two gripper arms at equal angles 
to the base element at all times. The se- 
cond pair of tie rods serve to keep the grip- 
per pads parallel to one another at all 
times. The gripper pads are faced with 
semihard rubber with a matted surface to 
increase friction with the object being 
grasped. 

Arm Construction Summary. As a result 
of the design and construction features 
outlined in the preceding sections, the 
following significant overall features of the 
Armega 33 may be noted: 

• Figure 1 shows the swept volume 
available to the arm. The total volume 
shown is more than 28 cubic ft. (0.8 
cubic meters). Virtually all of this space 
may be reached by the hand except for 



Photo 6. Reverse side of the hand, showing lead screw 
servo and tie rods which maintain jaw and pad 
alignments. 

a cylinder at the center of rotation hav- 
ing a radius of approximately 5 in. (12.7 
cm). 


• The movements of all major arm 
elements are entirely independent of 
each other. There are no interactions 
such as those produced by certain types 
of cable drives. 

• All elements are locked into the 
positions to which they were last moved. 
There can be no slippage as a result of 
heavy loads. 

• The structure is quite strong and 
rigid against both bending and torsion 
loads. This despite the fact that the en- 
tire arm including the base weighs only 
6V2 pounds (3 kg). 


Next Month. Part II of Armega 33 
describes how Armega 33 is controlled by 
an external microcomputer. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

51 61 71 
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Robot Feeders 

You can now match the ultra efficiency of 
robotic equipment in your manufacturing or 
assembly operations with programmable low 
profile conveyors to provide precision move- 
ment of parts to and from automated stations. 
Dorner engineers have designed state-of-the-art 
systems for some of the nation’s leading 
manufacturers. 


Send for our ‘Idea Starter 9 
catalog on custom systems 



SHOK ABSORBERS 

INDUSTRIAL 



range of sizes available 

Self-adjusting or custom orificing 

If you have an impact, noise, or energy management 
problem, Taylor Devices has already solved it. Standard 
shok absorbers available in over 70 sizes, ranging from 
3 in-lbs. to 60 million in-lbs. capacity. Both unique self- 
adjusting styles or custom orificed designs available 
from stock. All units feature stainless steel piston rods, 
non-flammable fluid, and a unique patented seal for 
millions of cycles of operation. Our 28 years of ex- 
perience can supply you the right size at a reasonable 
cost. Request catalog and Designer’s Guide. 

FLUIDICSHOKS® by 

fe^^/D(H)[Pdevicesinc. 

PHONE 716-694-0800 250 MICHIGAN AVENUE 
N. TONAWANDA, NY 14120 
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Circle 30 


Circle 26 


Book 

Review 


NIKOLA TESLA: Grandfather of Robotics? 


Tesla: Man Out of Time 
by Margaret Cheney 

Prentice Hall, hard cover, 320 pages, 

illustrated 

$16.95 


Mark Rosheim 
417 Grand Avenue 

St. Paul, Minnesota 55102 

If you want to read derogatory 
things about Edison, read a Tesla 
biography. Tesla: Man Out of Time 
chronicles the life and times of Nikola 
Tesla (1856-1947), an inventor whose 
scientific achievements rivaled those 
of his competitor, Thomas Edison. 
The book traces Tesla's growth from 
his immigration to America to his be- 
coming one of the industrial revolu- 
tion's greatest inventors. 

With backing from George Westing- 
house, Tesla developed his alternating 
current system of generators, motors, 
and power distribution methods, 
which soon replaced Edison's less ef- 
ficient direct current system. This im- 
portant achievement is well related in 
this book. 

Tesla's personality and his scientific 
mind, which could solve the most 
complex problems without pen and 
paper, are also revealed. Tesla led a 
lonely and celibate lifestyle. He 
believed that marriage was an aid for 
the artist or musician, but not for the 
inventor. He believed inventing was 
an occupation that required total 
dedication without any distractions. 

The roboticist will be interested in 
the chapter dedicated to Tesla's 
pioneering work in robotics. In 1896, 
Tesla wrote, "... I designed a complete 
machine capable of a multitude of 
operations, but the consummation of 
my labors was delayed until 
1897 . . . when first shown in the begin- 
ning of 1898, it created a sensation 
such as no other invention of mine has 
ever produced." 


To the amazement of thousands of 
people gathered at Madison Square 
Garden, Tesla demonstrated a remote- 
controlled, submersible boat (figure 
1 ) . 1 1 was controlled by ' 'coded pulses 
via Hertzian waves." Before that, he 
had built other remote-controlled 
devices, which he demonstrated to 
visitors in his New York laboratory. 

Tesla's pioneering work in robotics 
warrants further study. He wrote later 
in his life, "I treated the whole field 
broadly not limiting myself to 
mechanisms controlled from a 
distance but to machines possessed of 
their own intelligence. Since that time 
I had advanced greatly in the evolu- 
tion of the invention and think that 


the time is not distant when I shall 
show an automaton which left to 
itself, will act as though possessed of 
reason and without any willful con- 
trol from the outside. Whatever be the 
practical possibilities of such an 
achievement it will mark the begin- 
ning of a new epoch in mechanics." 

Tesla: Man Out of Time draws upon 
experts in physics and engineering. 
The reader is given a broad sense of 
the history of robotics and of the 
frustration of a man ahead of his time, 
a man who predicted that "Telauto- 
mata [robots] will ultimately be pro- 
duced, capable of acting as if pos- 
sessed of their own intelligence, and 
their advent will create a revolution." 


METHOD OF AND APPARATUS FOR CONTROLLING MECHANISM OF MOVING VESSELS 
OR VEHICLES. 

(Application A lad Jalp I. 1000 ) 


(No Modol.) 




py?&z<as<se<s: 


5 Shoot*— Shoot 3. 
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Figure 1. Tesla’s remote-controlled, submersible boat, controlled by “coded pulses via Hertzian waves,” which 
he demonstrated in 1898. 
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BAR CODE 
MANUFACTURERS 
& SERVICES 
DIRECTORY 


The 1983 Directory of Bar 
Code Manufacturers and Ser- 
vices is now available from the 
publishers of the bi-monthly 
magazine Bar Code News. This 
annual directory, published in 
July 1983, contains more than 
twice as many listings as the 
1982 Directory— listings from 
every major bar code manu- 
facturer and service. You'll 
find information on com- 
panies that manufacture com- 
plete bar code systems, scan- 


ners, printers, data collection 
terminals, film masters and 
printing plates, labels and 
label testers, seminars and 
consultants, and data base 
publications. 

Each entry consists of a brief 
description of the product line 
or service; general informa- 
tion about the company; and 
the name, address and phone 
number of a knowledgeable 
representative. 


ONLY $29.95- 

□ Please send copies of the 1983 Bar Code Directory at $29.95. 

Includes postage and handling for U.S., Canada and Mexico. All other countries add $8.00. Payment must be in U.S. 
dollars drawn on a U.S. bank. 

BONUS With your order, you'll receive a free subscription for Bar Code News, The Journal of Bar Code System Ap- 
plications. 3/84 RA 


□ Personal Check □ Cash □ MasterCard □ Visa 


Account No. Expires 


Signature 


Name 


Company Phone 


Address 


City State Zip 

| Send to North American Technology 

j 174 Concord St., Peterborough, NH 03458 (603) 924-7136 

i 


Y > 



MasterCard 
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Robot Computer 
Chess Game 


In 1769 Baron Von Kempelen built what 
was reported to be a chess-playing auto- 
maton. The machine consisted of a life- 
sized mannequin seated on a box in front 
of a chess board. The figure’s hand was a 
pincer which could grip and move chess 
pieces. While the device was advertised as 
an automated chess playing machine, a 
hidden player actually made the moves. 

More recently, the Summer 1979 issue 
of Robotics Age contained an article titled 
“The Grivet Chess Playing Arm,” describ- 
ing a robot arm for moving chess pieces. 
The article described a manipulator which 
could make chess moves, and which was 
operated by DC motors controlled by op- 
tical sensors. 

Low-cost microcomputers have been 
used in automatic chess games for several 
years. These devices have been provided 
with a playing board, display, and key- 
board. Some systems have even included 
voice synthesis to indicate verbally each 
move and condition of the game. 

A Chess Playing Robot. Patent number 
4,398,720 issued to Lawrence Jones, 
Ashley Howden, Mark Knighton, Anson 
Sims, David Kittinger and Richard 
Hollander on August 16, 1983 discloses a 
system that combines a robotic hand with 
a computer chess game. The chess game 
includes a board, pieces, a microcomputer, 


Russ Adams 
3008 Mosby Street 
Alexandria, Virginia 22305 


keyboard, and an articulated robot arm. 
The end of the arm supports a gripper 
which can grasp and release chess pieces. 

The chess board has switches mounted 
under each square for indicating the 
presence of a piece. Each piece contains 
a magnet and a complementary magnet is 
positioned under each square. The interac- 
tion of the two magnets assures that the 
pieces will be positioned at predetermined 
locations. The magnets also close the 
switchs which indicate the presence of play- 
ing pieces. 

The system is designed to play the game 
of chess with a human opponent while ex- 
hibiting emotional responses which mimic 
a human player. The system uses a chess- 
playing heuristic program such as the pro- 
gram Sargon 1.0 described in the book 
Sargon—A Computer Chess Playing Pro- 
gram , published in 1978 by Hayden Book 
Company. 

This program consists of: 

• A chess piece move-generating 
section. 

• A position evaluation section which 
generates a numeric score for game posi- 
tions. The score indicates the relative 
strategic strength of each piece on the 
board. 

• A material evaluation section which 
determines the probable outcome of 
attacks. 


• A control section for move searching. 

• A move analyzer section which con- 
siders each chess position resulting from 
the control section. 

At each ply (set of possible moves for a 
turn) the move analyzer applies the mate- 
rial evaluator to determine if the result of 
the move is a better board position. The 
control section continues to analyze each 
move at each ply up to a level determined 
by the set skill level of play. 

The Game Board and Controls. Figure 1 
shows a perspective view of the robot com- 
puter chess game. A housing (2) includes 
a chess board and a pair of chess storage 
areas. A keyboard is positioned next to the 
chess board and provides a way to control 
the operation of the device. An articulated 
robot arm is mounted next to the board. 
The gripper mounted at the end of the arm 
has several fingers for gripping the chess 
pieces. 

The keyboard provided keys for control- 
ling the following functions: 

Go, Take Back, Hint , Verify On/Off, 
Sound On/Off, Auto Play , Skill Level, 
New Game, Print Move, Print Board , 
Cancel Command, Replay, Change Col- 
or, Best Move On/Off, Emotions On/Off, 
Demo Program, Setup/Verify, Test Ex- 
ercise, New Board, Print List , Form 
Size. 
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Figure 1. A perspective view of the chess-playing robot system. 


Several of these keys also perform the dual 
function of identifying the chess piece to 
be moved. 

The Go key forces the computer to make 
a move based on the current board posi- 
tion. Pressing the key while the computer 
is analyzing its best move interrupts the 
analysis process and causes the computer 
to make the best move found prior to 
pressing the Go key. If the key is pressed 
when it is the human opponent’s turn, the 
computer will make a move for the player. 

The Take Back key allows the player to 


withdraw a move. The board is returned 
to its previous position. The key is effec- 
tive to recall moves made by either the 
player or the computer. 

The Hint key directs the computer to in- 
dicate what the program projects as the 
best move for the player to make. The in- 
dication is given by the robot arm moving 
over the chess piece and bobbing up and 
down. The arm moves to the final location 
to which that piece should be moved and 
repeats the up and down motion. If the key 
is pressed again, the robot arm indicates 


the next best move. 

The Verify On/Off key is used to test the 
computer’s knowledge of the correct loca- 
tions of all the pieces. Pressing the key 
turns a verify mode light on. Each piece 
is picked up in turn and a light flashes 
under the key which corresponds to the 
piece type. 

The Sound key toggles the sound 
generation on and off. The Auto Play key 
causes the computer to play a game of 
chess against itself. Pressing the Auto key 
a second time returns the game to normal 
play. 

Pressing the Skill Level key causes the 
skill level to be displayed. The robot arm 
is moved to a position on the board which 
represents a skill level. Repeatedly press- 
ing the key causes the machine to cycle 
through all of the skill levels. 

The New Game Key initiates a new 
game. The board is assumed to have been 
properly set up by the player. The Print 
Move and Print Board keys allow a specific 
move or board state to be printed on an 
auxiliary printer. 

Most commands can be canceled by 
pressing the Cancel Command key. Those 
keys which toggle their functions on and 
off are canceled by pressing the specific 
key a second time. 

The Replay key indicates the last move 
made by the computer by moving the robot 
arm between the location of the piece 
before and after the move. The Change 
Color key is pressed at the beginning of 
a game and allows selection of color. The 
Best Move key directs the computer to 
always select the best move. When not ac- 
tuated, the computer randomly selects one 
of several possible moves. 



ZO 

/ 



Figure 3. An interior view of the robot arm. The arm is rotated around its post by a motor within the post. The shoulder and gripper are moved by pulleys connected 
to motors within the chess board base. 
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Figure 7. A block diagram describing the system electronics for the robot computer chess game. 


The Emotion key causes the computer 
to display an emotional response to cer- 
tain events which may occur during a 
game. The Demo key activates a stored 
program which shows off all of the func- 
tions of the game device. 

Pressing the Setup key shifts the keys to 
their alternate functions. After pressing the 
Setup key, a specific chess piece name key 
is pressed. The player then places the 
piece on the game board. The board 
switch under the piece being placed is ac- 
tivated and the position of the specified 
piece is stored in the computer. Pressing 
the Cancel key terminates the Setup mode. 

The Test Exercise key causes the robot 
arm to perform a test motion, play a tune 
and test all keys by lighting up their lights 
and sensing the keys pressed. The New 
Board key instructs the computer to 
automatically set up the board. Each piece 
is assumed to be positioned at the piece’s 
normal beginning positions. 


The Robot Arm and Computer. Figure 
3 shows a cross-section of the robot arm. 
The robot arm is articulated and includes 
first and second arm portions. The first 
arm portion is mounted to a supporting 
post that allows the arm portion to rotate 
with respect to the game board. A DC 
motor is used to rotate the arm about the 
post. The motor is bidirectional and its 
angular position is detected by an optical 
detector. This optical detector can be 
formed from a pair of infrared sources oc- 
cluded by a position indicator. Another 
pair of motors are mounted within the 
post. These motors drive the second arm 
portion via a pulley and linkage system 
shown in figure 3. 

A fourth motor (84) moves gear (88). 
This motor is used to open and close the 
gripper (16). The fingers of the gripper are 
spring biased open. A microswitch (98) 
detects if the gripper is opened or closed. 

The gripper is designed with a retention 


paw that grasps the chess piece at its 
smallest part. The shoulder (104) serves to 
support each piece regardless of its type. 

The central processor is a Zilog Z80B, 
as shown in the system diagram of figure 
7. The program for performing the various 
functions of the system can be stored in 
read-only memory. The current board posi- 
tion can be saved in programmable CMOS 
memory which is kept powered by a stand- 
by battery. 

Copies of this patent are available from 
the US Patent and TVademark Office for 
$1.00 each. Orders for patents should be 
sent with payment to: Commissioner of 
Patents and Trademarks, Washington, DC 
20231. 

Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

52 62 72 

Excellent Good Fair 
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THE SCORPION 

PART III: COMMANDS WITH RESPONSES 


Harprit S. Sandhu 
PO Box 4010 
3402 North Mattis 
Champaign, Illinois 61820 


The previous two articles in this series 
have discussed how the Scorpion was de- 
signed, and described the first half of the 
Scorpion's instruction set. Part three, the 
last in the series, discusses the second half 
of the instruction set and describes how 
to extend the language. 

Resetting the System. To avoid having to 
leave an externally connected terminal 
every time you need to reset the Scorpion, 
a reset instruction is provided. The “/1R” 
instruction is used to reset the Scorpion. 

The reset instruction initializes all pro- 
grammable memory and returns the system 
to power-up condition. 

There will be situations during which the 
system cannot be reset through software. 
The reset instruction will not work if the 
operating system branches out of the loop 
that scans the UART for incoming 
characters or if the operating system has 
been adversely modified. 

Set/Clear the Master I/O Byte. To conserve 
battery power, we have provided the abili- 
ty to shut off all extraneous devices using 
power. This feature is controlled through 
the Master I/O byte. 

Setting the Master I/O byte to hex- 
adecimal “00" permits all I/O operations. 
Setting this byte to hexadecimal “FF” in- 
hibits all I/O operations. The most signifi- 
cant bit overrides all other bits. Setting the 
most significant bit to “1" inhibits all other 
bits. The eight bits are assigned as follows: 

• Bit 0— Speaker. 

• Bit 1— Eyes. 
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• Bit 2— Lamps for ground tracker. 

• Bit 3— Horizontal scanner. 

• Bit 4— Vertical scanner. 

• Bit 5— Left drive motor. 

• Bit 6— Right drive motor. 

• Bit 7— Master bit. Overrides all others. 
Changing the value of any bit from “1" to 
“0” allows that device to operate. Setting 
the byte to “00" allows everything to 
operate. If bit seven is “1," all devices are 
inhibited. Thus, all activity can be inhibited 
independently of setting each bit. 

The instruction for modifying the I/O 
byte is defined as “/3Yhh” where: 

• “/” indicates a new instruction. 

• “3" indicates three bytes will follow. 

• “Y” indicates the I/O byte. 

• “hh” indicates the hexadecimal value 
to be stored in the Master I/O byte. 

Obey/Ignore Master I/O Byte. It is 
sometimes necessary to ignore the Master 
I/O byte status. This can be done with the 
“/3Zhh" command which is interpreted as 
follows: 

• T indicates a new instruction. 

• “3" indicates three data bytes follow. 

• “Z” indicates the Obey/Ignore 
command. 

• “hh" indicates the hexadecimal value 
of the bits used to determine whether 
the Master I/O byte is obeyed or ig- 
nored. Each bit of the “/3Zhh" com- 
mand corresponds to a bit in the Master 
I/O byte. Setting a bit in the “/3Zhh" 
command to “0” means to ignore the 
corresponding bit in the Master I/O byte, 
setting the bit to “1” indicates the bit 


should not be ignored. 

xMoving Motors a Specified Amount. In 
part two, I described the speed control 
command which is used to turn on a motor 
and keep it running. Another command 
exists for moving motors a specific number 
of steps. 

The instruction for moving the left 
motor is similar to “/8Cdff####,” where: 

• “/” indicates a new instruction. 

• “8” indicates eight data bytes follow. 

• “C" indicates the right motor is to be 
moved. 

• “d" indicates the direction of travel 
(“ + ” or “-"). 

• “ff’ indicates the speed at which the 
motor is moved (“00" to “99"). 

• “####" indicates the number of steps 
that the motor is to move (“0000" to 
“9999"). 

The instruction for moving the right 
motor is similar, except that the “C” is 
replaced with a “D.” 

If the specific move instruction is re- 
ceived while a motor is running in con- 
tinuous mode, the following actions occur: 

• A flag is set which indicates that the 
specific move mode is in effect. 

• The specific move is initiated and 
completed. 

• The flag is cleared indicating that the 
system is back in continuous move 
mode. 

• The motor continues turning as 
before. The count indicating how far the 
motor has moved is not disturbed since 
the specific move is not added to it. 



Circle 6 


This software design means you can ex- 
ecute a 90-degree turn in the middle of a 
continuous move. The turn can be ex- 
ecuted either forward or backward. This 
is a very useful maneuver within collision 
recovery or obstacle avoidance routines. 

The Questions. In addition to motion con- 
trol commands, we can ask the Scorpion 
questions about its system. When we give 
the Scorpion an instruction, the response 
comes from the electromechanical part of 
the system. When we ask a question, the 
response comes in the form of information 
that is received at the computer’s RS-232 
port. When we ask a question, we must 
be ready to receive an answer. 

Reading Microswitches. The bumpers 
which surround the Scorpion are attached 
to a set of microswitches. When a micro- 
switch is closed, the computer shuts off all 
energy to all output devices. This is done 
to conserve battery power and to protect 
the Scorpion from damage. The shutoff is 
accomplished by setting bit seven of the 
Master I/O byte to “1.” Whenever the value 
of this bit is “1,” all output to the speaker, 
eyes, tracker, and motors is inhibited. How- 
ever, you can still communicate with the 
host computer over the RS-232 line. When 
bit seven of the Master I/O byte is set to 
“0,” all output returns to its original state. 

To recover from a collision, we must first 
decide on a recovery procedure. The 
Master I/O byte must be ignored since the 
microswitch will keep turning the system 
off. We can now back the Scorpion away 
from the obstruction and maneuver it to 
a position where it will not hit the obstruc- 
tion again. Once the recovery is complete, 
we reset the Master I/O byte and start obey- 
ing it again. 

The instruction to interrogate the micro- 
switches is “/IB.” The Scorpion responds 
with the phrase “Bhh.” ”B” indicates an 
answer related to the bumpers and “hh” 
represents bumper data as one hexadeci- 
mal byte. Each bit in the byte represents 
one of the eight microswitches. 

Reading the Scanner Buffer. The infrared 
scanner is read by reading the scanner buf- 
fer. The question returns the contents of 
the scanner buffer. Part two of this article 
described the Scan instruction used to 
move the scanner motors and enter the 
data into the scanner buffer. The Scan in- 
struction also determines the number of 


valid bytes that are in the buffer. For ex- 
ample, if a scan of 15 was requested from 
the horizontal scanner, the scanner buffer 
will contain 31 valid bytes of information. 

The instruction for requesting the scan- 
ner buffer contents is “/IS.” The Scorpion 
responds with “Sdhhhh ...” where: 

• “S” indicates a scan response. 

• “d” indicates the scan direction, “H” 
for horizontal or “V” for vertical. 

• “hh,” each byte pair represents a single 
hexadecimal value. From one to 199 
bytes of data may be returned, depend- 
ing on the length of the previous scan. 

Reading the Eyes. The instruction for 
reading the eye values is “/IE.” The Scor- 
pion responds with “E#,” where: 

• “E” indicates an eye response. 

• “#” is an ASCII character which in- 
dicates the status for both eyes. “0” 
means both eyes are off, “1” means on- 
ly the right eye is on, “2” means only 
the left eye is on, “3” means both the 
left and right eyes are on. 

Reading the TVacker Lamps. The instruc- 
tion for reading the tracker lamps is “/ 1G.” 
The Scorpion answers “G#,” where: 

• “G” indicates a tracker lamp response. 

• “#” is an ASCII character which in- 
dicates the status of both lamps. “0” 
means both lamps are off, “1” means 
both lamps are on. 

Reading the Ground Tracker Phototran- 
sistors. The instruction for reading the 
phototransistors is “/IT” The Scorpion 
responds with “T#,” where: 

• “T” indicates a ground tracker 
response. 

• “#” is an ASCII character which indi- 
cates the status of the phototransistors. 
The returned values are similar to that 
returned when the eye status is 
requested. 

Reading the Motor Move Status. The in- 
struction for reading how far the motors 
have moved since the last motor interroga- 
tion is “/1M .” The Scorpion responds with 
an answer which looks like “Ms#### 
s####.” 

• “M” indicates a motor response. 

• “s####” each group of five characters 
indicates the direction “s” and number 
of steps “####” moved since the last in- 
terrogation. The first group contains in- 
formation about the left motor and the 
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microprocessors. This public 
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second group of five contains informa- 
tion about the right motor. 

The motor count registers are cleared after 
each interrogation. However, the Scorpion 
does remember the last move, just in case 
a transmission error occurs. This value can 
be read with a RAM Read instruction. 

Reading the Busy Byte. It is often 
necessary to determine what processes are 
still in progress so that the next instruc- 
tion can be delayed until the ongoing pro- 
cess is completed. Whenever the Scorpion 
starts an activity, it sets a flag which can 
be read by the host computer. The byte 
containing these flags is called the Busy 
Byte. 

The instruction for reading the Busy 
Byte is “/IX.” The Scorpion responds with 
“Xhh,” where: 


• “X” indicates an execution response. 

• “hh” is the hexadecimal representation 
for one data byte. 

Each bit in the returned data byte 
represents a particular function. If the bit 
is set to one, then the function is in pro- 
gress. If the bit is set to zero, the particular 
function is not in progress. The eight bits 
are defined as follows. 

• Bit 0— speaker tone in progress. 

• Bit 1— at least one eye is on. 

• Bit 2— the ground tracker lamps are 
on. 

• Bit 3— the horizontal scanner is scan- 
ning, moving, or resetting. 

• Bit 4— the vertical scanner is scann- 
ing, moving, or resetting. 

• Bit 5— the left drive motor is on. 

• Bit 6— the right drive motor is on. 

• Bit 7— something is going on. 


Check other bits to see what it is. 

This information is useful to determine 
whan a scan or some other activity is com- 
pleted so the next scan or activity will not 
overrun the one in progress. 

Reading Memory. It is often necessary to 
know what various locations in memory 
contains. The instruction to read memory 
locations is “/7Raaaa##,” where: 

• T indicates an instruction. 

• “7” indicates seven bytes of data follow. 

• “R” indicates the memory (RAM) in- 
terrogation question. 

• “aaaa” indicates the hexadecimal star- 
ting address in memory. 

• “##” indicates the number of bytes to 

be read. 

The Scorpion responds with: 

“Rhhhh 



Photo 1. The 44-pin KIM-bus extension on the Scorpion controller card allows this system to be extended to a full 64 Kbyte microprocessor system. The spare 
4202 stepper motor controllers can be used to control additional motors. A circuit pad is also provided for an additional 6522 which can be used to expand 
the Scorpion's input/output capacity. 
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Circle 18 


where: 

• “R” indicates information coming 
from memory locations. 

• “hh,” each byte pair represents a single 
hexadecimal value. The value represents 
the data contained in the memory 
locations. 

Reading the Remaining Motor Move. 
When we are using a specific move com- 
mand to move a motor a specific number 
of steps, we must have a way to determine 
when the move is complete so that we will 
not send the motor another move com- 
mand until it has completed the first. The 
“/1C” instruction is used to determine how 
many steps are left until the left motor is 
finished. The “/ID” instruction returns 
similar information for the right motor. 

The Scorpion responds with “C####” for 
the left motor and “D####” for the right 
motor. The four digits, represented by 
“####” indicate the number of steps still 
remaining for this motor. This number can 
range from “0000” to “9999”. 

Reading the Entire Machine. Since the 
Scorpion maintains the status of all 
parameters, an instruction has been pro- 
vided which reads almost all parameters 
at once. The optical scanner data and 
memory data are not returned. This in- 
struction, “/IP”, allows almost all process- 
ing to be done at the host computer in one 
step. 

The Scorpion responds to the “/IP” 
command with the answer 

“PBhhE#G#T###Ms####s#### 

YhhXhhC####D####.” 

The “P” indicates all parameters are be- 
ing returned. Each individual parameter is 
returned as described previously. 

Language Extensions. Though it’s fine to 
play with a machine that is all designed and 
laid out in front of you, the real fun comes 
from modifying the basic elements to your 
own liking. In order to do this, you must 
be able to modify the system hardware and 
software. We have made every effort to 
allow for easy modifications to the Scor- 
pion. Of these modifications, the most in- 
teresting is probably the ability to modify 
the operating system. 

The Scorpion can be sent commands 
which are appended to the built-in instruc- 
tion set. When the Scorpion computer 
receives an unknown command, the com- 
mand processing loop eventually ends up 


at a routine which assumes that the cur- 
rent instruction is an error. The erroneous 
instruction is then cleared and the routine 
jumps back to the top of the control loop. 
Since all unknown commands eventually 
reach this point, we can add new com- 
mands at this point. 

The part of the control loop code which 
is contained in programmable memory can 
be altered with the “/ 7R ...” command. 
You have to design the necessary 6502 
code and provide the appropriate com- 
mand interpretation and response. After 
you are done, you must provide the ap- 
propriate jump commands to re-enter the 
main control loop. 

This ability to extend the language is 
necessary because the mother board pro- 
vides places for connectors that allow the 
entire system bus to be extended to other 
peripheral cards. These cards may have a 
host of sophisticated capabilities ranging 
from distance sensing equipment to large 
memory banks. The simple method of 
altering the instruction set provides a way 
to control these external functions. 

Your Own Operating System. In addition 
to extending the language instruction set, 
you can also create your own operating 
system for the Scorpion. This is an ex- 
cellent exercise for anyone interested in 
robotics. The Scorpion provides tools for 
developing your own operating system in 
programmable memory without altering 
the original operating system stored in 
read-only memory. 

The Scorpion is a versatile educational 
tool which can be used for simple ex- 
perimentation with a roving robot or in- 
depth exploration of a robot’s control 
structure. 


The software for the Scorpion was designed by Foad 
Rekabi, BSEE, University of Illinois. The computer 
hardware was designed by Bob Syeszycki, BSEE. 
University of Illinois. The Scorpions overall design 
was the responsibility of H. S. Sandhu. BS. MS. 
University of Illinois. 
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Micron Technology Introduces 
the MicronEye Bullet, a Solid State 
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This unique imaging system in- 
cludes all hardware, software and 
optics necessary for plug-and-go 
operation. The camera has 128 x 
256 element resolution capable 
of transmitting up to 15 frames 
per second. Electronic shutter 
can be manually or software 
controlled. Several sample pro- 
grams are included which allow 
the user to explore the capabilities 
of the MicronEye. The software 
allows you to continuously scan, 
freeze frame, frame store, frame 
compare, print to Epson printer 
or produce pictures with shades 
of grey. Source code is provided 
for all software on an unprotected 
diskette. 

Use your MicronEye for graphics 
input, digitizing, text recognition, 
pattern recognition, security, auto- 
mated process control, robotics, 
and more. 

IMMEDIATE DELIVERY! LOW COST! 

All this for only $295.00 complete. (Plus 

$8.00 for shipping & handling). 
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2805 East Columbia Road 
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(208) 383-4000 
TWX 910-970-5973 
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the trademark of International Business Machines. 
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A Simple Computer 
interface for 
Robotics Experiments 

Paul H. Muller 
331 Mackay Ave. 

Ventura, CA 93004 


If you wish to experiment with robotics but 
lack a big budget, here is a simple, inex- 
pensive computer interface with which you 
can start. When you add the circuit 
described in this article to your computer’s 
latched parallel port, you can control small 
DC motors, electromagnets, relays, and 
other devices used in constructing robotics 
projects. The circuit assembly is straight- 
forward and the parts are readily available. 

The circuit, shown in figure 1, is built 
around the 2N2222 silicon power tran- 
sistor, which can handle up to 800 mA of 
collector current. This makes it ideal for 
driving small DC electromechanical 
devices using only the TTL output from 
the computer. The transistor acts as a 
switch which turns on or off in response 
to the data bits sent to the computer’s 
eight-bit parallel port. This allows you to 
control external devices directly from 
within your software. 

Figure 1 illustrates how a 2N2222 tran- 
sistor can be connected to your computer. 
The transistor’s “base” is wired to a single 
data line of the parallel port. The data line 
is logically high or low (1 or 0), depending 
on the byte of data most recently written 
to the parallel port. For example, when bit 
D 0 is high, meaning it has a voltage greater 
than 3 V, a small amount of current flows 
from the port to ground through the 
2N2222 base-emitter junction. This cur- 
rent activates the transistor’s collector-base 
junction which allows up to 800 mA to flow 
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from the computer’s V+ voltage source 
through load resistance, R, , and back to 
ground through the collector. The tran- 
sistor switch is now on. 

When D 0 goes low, meaning it has a 
voltage less than 0.5 V, there is no poten- 
tial between the transistor base and 
ground, so no current flows from the port’s 
data line. This, in turn, means that no cur- 
rent can flow through the collector or the 
load resistance. The transistor switch is 
now off. The load resistance, R, , is any 
DC device you wish to control. By connec- 
ting the base of one 2N2222 to each bit 
in the parallel port, up to eight devices can 
be actuated by placing the appropriate data 
byte in the port’s memory location. 


Figure 2 is a circuit diagram of a general 
purpose motor control interface using the 
2N2222 transistor. Notice that the 2N2222 
connected to data bit 1 is used to activate 
a DPDT relay. This wire reverses the polari- 
ty of the power connections with respect 
to the motors being controlled, allowing 
the direction of the motor to be controlled 
with software. T\vo 2N2222 transistors are 
required for each motor. They are con- 
figured so that one will always act as a 
switch, no matter which polarity has been 
selected for the motors. Additional motors 
can be controlled by wiring transistor pairs 
in parallel to those shown. 

The coil for an electromagnet, con- 
nected through a 2N2222 outside the 


+ 5V (COMPUTER POWER SUPPLY) 

i R L 

> LOAD RESISTANCE 


DATA LINE D 0 D 

FROM PARALLEL □> 

PORT 


BASE i 


COLLECTOR 


| EMITTER 

’ COMPUTER GROUND 


Figure 1. This simple interface, based on the 2N2222 transistor, can be used to control electromechanical 
devices such as small DC motors, electromagnets, and relays. The transistor can handle up to 800 mA of 
current. The value R, , shown in the diagram, represents the device to be controlled. 



Figure 2. A general-purpose motor control interface. This simple control interface allows three motors and one electromagnet to be controlled from a single eight- 
bit parallel port. Data bit D, controls a relay which is used to reverse the motor direction. All transistors shown in this circuit are type 2N2222. 


motor control circuit, is also shown. This 
allows the magnet to operate continuous- 
ly, even when the motor polarity is being 
reversed by the relay. Additional devices 
could be wired in parallel using a 2N2222 
transistor interface. 

Tkble 1 contains the parts list for con- 
structing the control circuit shown in figure 
2. This circuit can be assembled in about 
two hours from parts obtained from any 
electronics supplier. The relay is available 
in a 16-pin DIP package. The entire cir- 
cuit fits nicely on a small plugboard. 

Always remember to use a heat sink 
when soldering the 2N2222 to the board. 
Also, don’t leave out the diode and elec- 
trolytic capacitor. Although the circuit will 
function without them, there will be more 
transient voltages introduced into your 
system, which could affect computer opera- 
tion. If your computer’s parallel port can’t 
furnish sufficient current to the base of the 
2N2222, a 74LS240 bus driver IC can be 
connected between the data lines and the 
transistors to increase the current flow to 
about 20 mA for a logic 1. Note that this 


will invert the output of the port, so be sure 
to modify your software accordingly. 

The software required to control the in- 
terface depends on the protocol used by 
your computer to send data to the parallel 
port. Many computers allow a POKE com- 
mand to be executed in a BASIC program 
which places any number between 0 and 
255 into the port’s memory location. T^ble 
2 lists the numbers which will activate the 
interface as described in figure 2. Using 


Item 


this circuit in robotic applications involves 
programming the number commands in- 
to the port at specific intervals. Simple 
strings and delay loops within the software 
will do the job. 

The possible uses of this interface are 
limited only by your imagination and the 
sophistication of your software. The circuit 
in figure 2 has been used to control a 
three-axis, open-loop robot arm that uses 
an electromagnet to pick up and move 


Quantity Radio Shack # 


2N2222 Transistor 

8 

276-1617 (pack of 15) 

16-pin DIR DPDT relay 

1 

275-215 

16-pin DIP socket 

1 

276-1998 

1N4000 series diode 

1 

276-1101 

Electrolytic capacitor 4.7 mF, 35 WVDC 

1 

272-1012 

44 pin plugboard 

1 

276-154 

Terminal Strip 

1 

274-653 


Tkble 1. Parts list for motor control circuit shown in figure 2. 
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Decimal 

Hexa- 
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Electro- 

Magnet 

0 

0 
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1 

1 

on 

2 

2 

off 

3 

3 

on 

4 
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off 

5 

5 

on 

6 
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off 

7 
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on 

8 

8 

off 

9 
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on 

10 

A 
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11 
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12 
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15 
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IB 
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28 
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30 

IE 
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31 

IF 

on 
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Motor 
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R 
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F 
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F 

off 

R 

R 

off 

R 

R 

F 

F 

F 

F 

F 

F 

R 

R 

R 

R 

R 

R 


small objects. All sorts of intriguing 
possibilities exist if you own a motorized 
Erector™ or Fischertecnik™ set. 

If you want to get started in robotics, this 
interface will allow you to create your own 
experiments without breaking the bank. 


Cautions 

There are a few precautions about this 
design that should be mentioned. The 
devices being controlled depend on your 
computer’s 5 V power supply to operate. Be 
sure that enough current is available for 
each device before you connect it to the in- 
terface. If necessary, avoid operating two 
devices simultaneously if their current re- 
quirements together will overtax your com- 
puter. When using motors, try to find the 
type with quiet brushes. Noisy motors will 
occasionally send a voltage spike through 
your computer system and interfere with its 
operation. If you use the interface to activate 
a relay to control 110 VAC house current, 
make sure that the control circuitry never 
comes in contact with the household cur- 
rent. For your safety, and the safety of your 
computer, this circuit should be used to con- 
trol only low-voltage equipment. 


F = Forward 
R = Reverse 

'fable 2. This list of numeric commands, when sent to the parallel port to which the control interface of 
figure 2 is attached, will operate the motors and electromagnet as shown. Note that the control circuit uses 
only five of the eight available bits from the parallel port. 
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MARVIN MARK I 

The Most Sophisticated Personal/Educational Robot Available 

BRAINS BRAWN 


Single Board Computer/ Motherboard 
Processor- Motorola® M68000 16 bit microprocessor 
System Memory- 128K bytes RAM expandable to 51 2K byte on board, 
expandable to 8M byte by S-100 board. ROM up to 16K bytes. 

System 1.0. 2-RS232 serial ports, one-parallel port. These are for communi- 
cation with the outside world, internal communications between servos and 
computer are taken care of directly. 

Expansion Bus- 8 slot S-1 00/IEEE-696 expansion bus. 

Intelligent Servo Controller- Resident on the expansion bus is one S-100 
card with 16-full 4 quadrant power MOSFET pulse width modulated servo 
controllers with axis feedback and auto refresh. 

This Iowa Precision Robotics Ltd. Model 68-100 computer supports 
CP/M® 68 K and Forth operating systems. It is also used in our Industrial 
Robot Controller where it meets exacting requirements. 

BEAUTY 

Anthropomorphic design sculptured body skin adds a finishing touch to the 
fully machined aluminum inner structure. 

IOWA PRECISION ROBOTICS, LTD. 

908- 10th Street, Milford, Iowa 51351 Phone (712) 338-2047 


Two arms, each with: 

Axis One: Shoulder is powered thru 135°. The motion you use while bowling. 

Axis Two: Shoulder is powered thru 105°. The motion you use doing jumping 
jacks. 

Axis Three: Upper arm is powered thru 135° of rotation. The motion you use 
while arm wrestling. 

Axis Four: Elbow is powered thru 115°. 

Axis Five: Wrist is powered thru 90°. 

Axis Six: Gripper opens up to 2 V 2 inches and closes down to zero. 

All arm servos are powerful enough to enable ‘MARVIN’ handling a minimum 
five pounds load in each gripper. (A six pack of your favorite beverage weighs 
approx. 4V2 lbs.) 

In addition to the 12 arm axes, ‘MARVIN’ has: 

Neck is powered thru 180° rotation. 

Waist is powered from straight up to 50° forward. This enables him to reach 
the floor with his grippers. 

Drive Wheels- Each drive wheel is an individual servo to enable 
directional control. His maximum rate of forward speed is 50 inches per 
second and he has enough power to climb a 10% incline. 
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NORTH AMERICAN 
TECHNOLOGY, INC. 



N 

I v orth American Technology, 
Inc. combines the talents of 
engineering and publishing 
professionals to support 
manufacturers, vendors, and 
users of technology products. 


Industrial Design Division 

Our team of hardware and 
software engineers helps 
customers produce better 
products through the use of 
state-of-the-art technologies. 

Design Areas 

• Consumer Computer 
Software 

• Printers and Peripherals 

• Microcomputer System 
Design 


• Software Engineering 

• Industrial Automation 

Services 

• Product Planning 

• Engineering Analysis 

• Manufacturing and Servic- 
ing Optimizations 

• Design Execution 

• Design Documentation 


• Prototype Production 

Total design from concept 
through user support. 


Publications Division 

Current, high-quality informa- 
tion about computer and robot 
technology: 


• Robotics Age 

• Bar Code News 

• Sensors 

• Sensor and Transducer 
Directory 

• Bar Code Manufacturers and 
Services Directory 

Providing information and 
new applications of technology 
to today's developers of tomor- 
row's technology. 

Contract Publishing Division 

Our professional documenta- 
tion development and produc- 
tion staff helps you produce 
accurate, friendly, and effec- 
tive publications that increase 
your product's usefulness and 
salability. 



NORTH AMERICAN TECHNOLOGY, INC 

174 Concord Street 
Peterborough, NH 03458 
(603) 924-7136 


Lununai. Continued from page 4 

microcomputer-controlled robot for experimentation. More 
importantly, the techniques used to construct and program 
Super Armatron can be applied to larger industrial robots.” 

Toys provide us with a method of experimenting with 
real-world concepts without having to worry about the ex- 
pense of actual machines. If a part is damaged while 
experimenting with a toy, the toy can usually be replaced 
inexpensively. This is not necessarily the case if you need 
to replace a part on an industrial robot. 

A design engineering friend of mine remarked that toys 
are learning tools, just like books. Books can describe how 
things work; they provide the mathematics, physics, and 
electronic principles behind the product’s operation. Toys 
do not necessarily provide explanations; however, they do 
provide examples. By experimenting with toys, we can ob- 
tain a hands-on demonstration of what the books describe. 
This is the only way we can come to a full understanding 
of machinery and scientific principles. 

So, why bother with toys? Toys can open our minds to 
larger operating principles. They excite the imagination 
and provide the educational tools needed to understand 
our world. Perhaps most importantly of all, they are an 
enjoyable pastime and recreation. After all, engineers don’t 
spend all their time designing the newest advanced 
technologies— sometimes they just want to have fun. 


VISION 

OCT^K 

nt8 to complete 

ComP<** nts drobo t control. 
f0 r sensing and 

Octek Inc. 
7 Corporate Place 
Burlington, MA 01803 

Call: (617) 273-0851 
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Read About It First 
InRo 


Don’t Miss A Single 
Monthly Issue 

We've read about robots for decades in 
the science fiction genre. Today’s creative 
engineers are fast making yesterday's fic- 
tion obsolete. The technology is becoming 
real . . . Real engineering of real-time com- 
puter systems for real applications — that's 
what robotics is all about. Robotics Age is 
your monthly window on the nuts, bolts, 
bits and design concepts of this new 
microprocessor hardware and software 
technology. The inspiration of science fic- 
tion plus the practical information in 
Robotics Age keep you abreast of this ex- 
citing field. 

Intelligent machines are already a major 
part of our world. We see the new realities 
of walking machines, autonomous space 
and undersea explorers, factory automa- 
tion, feedback from vision and touch, 
robots of the industrial and personal 
flavor. We see sentry robots patrolling 
homes, forts, factories and offices. We see 
the prospect of the automotive autopilot 
and personal robotics. 

Robotics Age looks to this future with 
articles about design concepts, products 
and practical experimental techniques. 
You'll find advertising from the suppliers 
of components and systems for intelligent 
machine engineering, as well as in-depth 
tutorials and reviews of available technolo- 
gies. You'll find numerous practical and 
proven design techniques. You'll learn 
how to use microcomputer electronics 
where it counts, how to build simple, 
reliable touch sensors, how to use visual 
and aural pattern recognition to gain in- 
formation about the real world, how to 
design programs that plan strategies of 
operation. You'll find articles on what 
makes today's personal robotics ex- 
periments tick, and more 

Robotics Age Has the 
Information You Need- 
First and In Detail 

In past issues, we've had several articles 
on walking robots — the design problems 
of legged mobility. One article described 
aspects of a one-legged hopping robot. 
Another described ODEX I, a recently 
designed experimental six-legged mobile 
robot. ODEX I has been widely publi- 
cized, including an appearance on a 
syndicated television series as well as 




superficial articles in numerous general 
magazines. If you were a subscriber in 
1983, you read about ODEX I first. In ad- 
dition to being first, our article on ODEX 
I contained a level of detail only available 
in the Robotics Age style of technical ar- 
ticle . . . and nowhere else. So, don't miss 
out on the opportunity to find out about 
the latest developments in detail and 
ahead of the crowd — subscribe today. 

Your subscription to Robotics Age is 
the key to this technology. You get month- 
ly exposure to new and exciting informa- 
tion as it becomes available. 

Subscribe Today 

Don't miss out on a single issue. 
Subscribe today and have the next issue 


delivered directly to you. At our regular 
subscription price of $24 for twelve 
monthly issues, you'll save $12 over the 
newsstand price. You can save even more 
with longer subscriptions — a two-year 
subscription at $45 gives you a savings of 
$27 over the equivalent cost at the news- 
stand, and the $63 price for a three-year 
subscription saves $45 over the price of 
single copy purchases. Send your subscrip- 
tion order today. Fill out the coupon 
below, check the appropriate boxes, and 
send your order to: Robotics Age, PO Box 
358, Peterborough, NH 03458, or, simply 
give us a call at (603) 924-7136. 


Special Bonus 

If you send check or credit card pay- 
ment with your mail order, or give us 
credit card information with a phone 
order, we'll give you a special two-part 
bonus: First, we’ll credit you with an 
extra issue added to the term of your 
subscription. Second, we'll send you a 
free reprint of the article “ODEX I: 
The First Functionoid.” 


yrf I Sign me up TODAY for my personal subscription to 
J LJ; Robo 


Robotics Age, The Journal of Intelligent Machines. 


3/84 RA 


SB 


Company 


US Subscriptions 

D 12 Issues 

□ 24 Issues 

□ 36 Issues 

$24 

$45 

$63 

Canada & Mexico 

G 12 Issues 

$28 

C 24 Issues 

$53 

□ 36 Issues 

$75 

Foreign 

C 12 Issues (surface; 

$32 

D 12 Issues (Air Mail) 

S68 

□ 24 Issues (surface) 

$61 

C 24 Issues (Ar Mail) 

$133 

□ 36 Issues (surface) 

$87 

□ 36 Issues (Air Mat) 

$195 


Slate 


Zp (Fbsta! Code) 


Country 
C Bill Me 

□ Check or credit card payment enclosed. Send me my free repent and add one extra ssje to the term of my subscription. 
C This s a Renewal (payment must accompany order) 


Credt Card Information 
□ Master Card 


□ VISA 


Non-US. Subscription Rates: 

Ityable in U.S funds, drawn on a US bank. Subscription length 
wtf be adjusted downward on a pro-rata basis for any currency 
conversion charges. Foreign subscription orders may be paid 
m US dollars wa MasterCard or VISA. 


Expraton Date 


Suture 

Total Amount Enclosed or Chaiged: $ _ 


RETURN WITH PAYMENT TO: Robotics Age, Box 358. Peterborough, NH 03458 (USA) 
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MEET THE NEW WAVE OF 
PERSONAL ROBOTS AT CAL-ROBOT 

SALES OF PERSONAL ROBOTS AND RELATED 
SOFTWA RE FOR HOME, SCHOOL & BUSINESS 



HEATH’S HERO-1™ $2499.95 

(FULLY ASSEMBLED) 

DEMO ROM $49.95 

RB ROBOT’S RB5X™ $1 795.00 

*(BASE UNIT) 

•ALSO AVAILABLE RB ARM~, VACUUM CLEANER, VOICE AND 
SOUND SYNTHESIZER, ROBOT CONTROL LANGUAGE AND 
ROBOTIC BOOKS FOR FUN, DESIGN AND CONSTRUCTION 


FOR MORE INFORMATION WRITE OR CALL 

CAL ROBOT 

P.O. BOX 5973 
SHERMAN OAKS CA 91 41 3 
(818) 905-0721 

• ALL PRODUCTS IN FACTORY CARTONS WITH FULL 
MANUFACTURER’S WARRANTY. 

• FREE SHIPMENT ON ALL PREPAID ORDERS (U.S. ONLY) 

• CASHIER CHECKS OR MONEY ORDER. PERSONAL CHECK - 
14 DAYS TO CLEAR / NO COD’S. CA. RESIDENTS ADD 6’/j% 
SALES TAX / ALLOW 2 WEEKS DELIVERY ON SOME ITEMS 

• PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE 


AMAZING AVOIDER™ 



THE AVOIDER, THE 
INTELLIGENT ROBOT 
YOU BUILD YOURSELF 


You’ll think the 21st century is here! 

Infra-red from The AVOIDER’s elec- 
tronic censor detect obstacles in its 
tEQ 05 path. Just like full-size robots, Japa- 
* ® MmMw nese-made AVOIDER walks and turns 


thanks to electronic controls. Plus— all circuits and moving parts of 
the 4 V 2 " x 4 V 2 " x 5" robot are visible through the impact-resistant 
clear acrylic body. Build this intelligent robot from a complete kit of 
quality-made precision parts with easy-to-follow instructions. No 
fancy tools needed! 

IDEAL STARTER KIT FOR INTELLIGENT 
MACHINE ENTHUSIASTS— FUN, EDUCATIONAL, 
GREAT FOR GIFTS. 

ORDER NOW! Not available in any store. Supplies limited 


YES! Rush me AVOIDER kits so I can build my own intelligent 

robot(s). 

Name 

Address 

City State Zip 

Check, money order enclosed for $ 

(Include $2.50 handling charge) 

Allow 3-4 weeks for delivery. 

Send to S.M. Robotics, 759 Boylston St., Chestnut Hill, MA 02167 


$99 Single Board Computer/Controller 



MODEL MCG-85 FEATURES 


• 8084A CPU 

• 2K System Monitor 

* Hardware Testing & Software 
Development 

* Debugging 

• I Serial RS232 Port 

• Two Programmable 8 Bit Ports 

• 6 Discrete Control Lines 

• 256 Bytes Ram 

• 5 Interrupts, 3 with Maskable Priority 

• Optional 2K RAM 

• Optional 2K EPROM 

• Onboard Prototyping Space (with Holes 
& Solder Pads) 


• Automatic Baud Rate (50- 1 9. 2KB) 

• Programmable 14 Bit Counter/Timer 

• 6.144 MHz Crystal (1-10 MHz Optional) 

• Power-On Reset 

• Push-Button Reset 

• 44 Pin Edge Connector with Address, 
Data, Control & Spares (MCG Bus) 

• All IC's on Gold Plated Sockets 

• Gold Plated Edge Connector Fingers 

• 4'/2x 6'/2 Inch PCP 

• FR4 Material. Fully Solder Masked 

• Optional Line Assembler on 2716 
EPROM 

• Optional Disassembler on 2716 EPROM 


PRICE FOR MCG-85: $99 KIT, $135 A & T. Expansion boards available, include 
16 Channel A/D; Eprom Programmer/MEmory; 48 Line Parallel I/O; & Mother Boards. 

We also have a full line of STD Bus products (Inquire about our STD 64K Single Board 
Computer). 

Visa, MasterCard, Amex & COD accepted. Add $5.00 S & H. 

^YNALTA N 
SYSTEMS ) 

31-14 Broadway, Astoria. NY 1 1 106. (212) 728-6700. 


Learn more about Robotics 
and Artificial Intelligence. Try 
some of our best sellers today! 

Hobbyist Books 

1. How to Design and Build Your Own Custom Robot — $12.95 

2. The Complete Handbook of Robotics — $1 1 .50 

3. HERO 1 Advanced Programming and Interfacing — $16.95 

4. Artificial Intelligence — $7.95 

5. Projects in Machine Intelligence — $10.95 
Professional Books 

6. Robot Manipulators: Math., Progrmg., and Control — $29.95 

7. Industrial Robotics Handbook — $32.50 

8. Robotics in Practice — $19.95 

9. Developments in Robotics 1983 — $59.50 

10. Machine Learning, an Al Approach — $39.50 

SEND FOR OUR NEW CATALOG! 


H.D. KOHN CO. 

P_0_Box 16265_ _ _ ^lexan£ria,^VA_22302 

IH.D. KOHN CO. P.O. BOX 16265 
l Send the following books: 12 3 4 


: Name 

J Address- 


JCity/State_ 


ALEXANDRIA, VA 22302 
5 6 7 8 9 10 

Books total 


ZIP_ 


_*VA Sales Tax_ 

-“Shipping 

TOTAL 


□Check or Money Order (No personal checks on orders from outside the US) 
□VISA/MC # exp 


*VA residents add 4% sales tax 
**SHIPPING CHARGES: US & Canada, and Foreign surface rate, $2.50 first book, $.75 
leach additional. Foreign AIR MAIL, $8.50 first book, $5.50 each additional. 

^^Sotisjiwtiot^ C^inintecd, 30 Day Return Privilege (less shipping charges) 
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MC-2 HARDWARE / MTS SOFTWARE 


MC-2 base board 


$279.00 


Z-80 CPU at 4 MHz, 64K RAM, CTC, PIO, expansion 
bus, requires +5V/1 A. MTS/Monitor/drivers in ROM. 


On board options 

CRT 64 64 character x 16 line video generator $109.00 

CRT 80 80 character x 24 line video generator $149.00 

SIO RS-232 Two serial channels $ 59.00 

POWER SUPPLY 5V2A, +12/-12V, .4A $ 59.00 

MTS-Z80 OPERATING SYSTEM source code $ 99.00 

MTS-Z80 manual $ 12.00 

MTS-BASIC Reentrant control Basic $ 79.00 

Z80 CP/M* MACRO ASSEMBLER $ 49.50 



*CP/M is a trademark of Digital Research. 


CyberPak 

PO Box 3B. Brookfield IL 6051 3 
(312) 387-0802 



NOW ANYONE 
CAN TALK 
TO HERO-1” 

ANDROTEXT is a high-level 
language for programming 
personal robots. 

If you can understand BASIC 
or FORTRAN, you can write 
ANDROTEXT. 



Available for most 64K home computers and many 
personal computers. 

ANDROTEXT Editor and Compiler for HERO-1”, 

$299. 



RMPTRPNIX 


Send for details 

Mail to: Robotronix Inc., Box 1 125 
Los Alamos, NM 87544 

Name 

Computer 

Address 

City 


HERO-1 is a trademark 
of Heath Company 


State 


Zip 


ROBOTICS - CAD/CAM 
DIRECTORY 1984 

EIGHT INFORMATIVE 
SECTIONS 




8 CHANNEL 8 BIT ANALOG TO 
DIGITAL CONVERTER WITH 
RS 232C INTERFACE. 


• ROBOTS 

• CAD/CAM 

• SENSORS 

• VISION AND AUTOMATED 
INSPECTION SYSTEMS 

• PRODUCTS AND SERVICES 
INDEX 

TO ORDER... 

Please complete the form below to reserve and receive 
your copy of Robotics - CAD/CAM Directory 1984. 

USA Canada Foreign (airmail) 

$30.00 $40.00 $50.00 

□ Bill my company P.O. # 


CONSULTANTS 
DISTRIBUTORS AND 
REPRESENTATIVES 
GLOSSARY 



□ Payment enclosed, Amt. 

Name .Titles 

Company — — — — — — 

Address 

City State Zip 

Signature 

Tel ( J 

Please mail to Technical Dala Publishing Corporation 

53 Lake Shore Drive 
Rockaway. New Jersey 07866 


Your sensors and the Software Science 
Microtelemetry Module can put 8 channels of analog 

DATA AT YOUR COMPUTER OR TERMINALS FINGERTIPS. 

Simple ASCII commands control the Microtelemetry 
Module. 

Raw data, voltage or Software Sciences exclusive 
“TEMPACHEAP” linearized temperature output. 

Sensors, power supplies and accessories are also 
available. Call or write for catalog and application 
notes. 


SOFTWARE SCIENCE (513) 561-2060 

P.O. Box 44232, Cincinnati. Ohio 45244 
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Updated Logo from Terrapin 

errapin, Inc.™ has announced Ver- 
sion 2.0 of its Logo for the Apple® II, 

II + , and He. Enhancements over the 
previous Version 1.3 include six new 
primitive functions and several new editor 
commands, improved garbage collection 
capabilities, full support for all four cursor 
keys on the Apple He, and the ability to read 
program files created under Apple Logo. 
These enhancements deliver several bene- 
fits. One of the new primitives, for example, 
allows easy switching between two disk 
drives. Text movement in the editor has been 
simplified through the use of the Yank com- 


mand. The improved garbage collection vir- 
tually eliminates the problem of running out 
of workspace. 

Terrapin has also released an enhanced 
version of their documentation which in- 
cludes an extensive “Words and Lists” 
chapter. Terrapin describes their additional 
chapter as the most comprehensive treat- 
ment available of the Logo word and list 
handling features. Topics treated in depth 
in the new documentation subset include 
recursion, interactive graphics, quizzes, 
word games, and artificial intelligence 
programming. 



Plastic Cable Chain and Belt Manual 


TJ /infred M. Berg, Inc. offers a 128- 
X X page pocket-size manual on its line 
of sprocket chains and drive belts for preci- 
sion instrument and miniature power trans- 
mission applications. The polyurethane 
chains have stainless steel cable cores. 

Berg chains and belts are characterized 
by high strength-to-weight ratios, silent 
operation and no lubrication. Five of the 
series boast zero backlash. Belt drives 


feature excellent flexibility for twists and 
turns and a three-dimensional version 
enables power transmission at right angles. 

Line drawings, specification tables, field 
splicing instructions, and a myriad of other 
design information is provided throughout 
the manual. 

Copies may be obtained from Winfred M. 
Berg, Inc., 499 Ocean Ave., East Rockaway, 
NY 11518, telephone (516) 599-5010. 
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IBM Prototype Board 

he Prototype Development Board 
(PD100) from Real Time Devices pro- 
vides the means to quickly interface proto- 
type circuitry to the IBM Personal Computer. 
A unique feature of the PD100 is a switch- 
selectable address decoder which frees the 
experimenter to concentrate on his design. 
Additionally, four I/O device-select signals, 
four power supply voltages, and a buffered 
data bus are available at wire-wrap posts. A 
rocker switch allows the selection of up to 
four unique addresses that do not contend 
with present IBM peripherals. This permits 
up to four boards to be utilized in one PC 
system. 

T\vo prototype areas are available; one is 
situated for installation of I/O connectors. 
These prototype areas are comprised of a 
grid of over 1600 pads on 0.1 in. centers 
suitable for soldering and installation of up 
to 40 wire-wrap sockets. 

Provided with each PD100 board is a 
comprehensive 116-page documentation and 
projects manual. This manual is an inval- 
uable aid to engineers, students, and ex- 


perimenters. To those not familiar with in- 
terfacing with the IBM PC, this manual in- 
cludes detailed circuits of I/O ports, A/D and 
D/A converters, transducers, and other 
useful interfaces along with BASIC applica- 
tion programs that illustrate control of the 
devices. 

For more information, contact: Patricia 
Szybist, Sales Coordinator, Real Time 
Devices, PO Box 906, State College, PA 
16801, telephone (814) 234-8087. 

Circle 41 





For additional information contact: Ter- 
rapin, Inc., 380 Green St., Cambridge, MA 
02139, telephone (617) 492-8816. 
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Natural Language 
for Microcomputers 

/l^icrorim, Inc. has introduced CLIOJ m 
± T 1 a conversational language inquiry op- 
tion for their R:base Series 4000 data base 
management system. According to Wayne 
Erickson, Microrim president, “CLIO 
enables the user to query the data base in 
his own language, rather than computerese.” 
CLIO allows users to build a dictionary of 
synonyms for words or operations associated 
with a data base. This process is set in mo- 
tion when the user queries the computer 
with a word or series of words not already 
in the data base vocabulary. CLIO then 
responds with a series of questions to direct 
the user to define the unfamiliar term. 

CLIO can also search through the data 
base to retrieve words based on adjectives 
or qualifying terms. The user could ask for 
“a list of the top three salesmen in orders 
for 1983,” or “list all employees who have 
above average salaries” followed by “what 
are their birth dates?” 

A special CLIO feature is the ability to 
simultaneously make inquiries into five dif- 
ferent files from the 40 files available con- 
currently in R:base. CLIO will be available 
the first quarter of 1984 to accompany 
R:base, which requires 256 Kbytes of 
memory and operates on PC-DOS, MS- 
DOS, CTOS, BTOS, and UNIX. The inter- 
face will sell for less than $200; R:base is 
priced at $495. 

For more information, contact: Microrim, 
Inc., 1750 112th Ave., N.E., Bellevue, WA 
98004, (206) 453-6017. Circle 42 
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Force/Torque Sensor System 

he FT-15/50 Force/Torque Sensor 
System from Robot Sensor Systems, 

Inc. is a rugged, reliable force/torque sens- 
ing system for industrial robots. Basic com- 
ponents include a compact six-degree-of- 
freedom, solid-state piezoresistive force/ 
torque transducer, a preprocessing elec- 
tronics unit, up to 100 feet of connecting 
cable, and a high-speed microcomputer pro- 
cessing unit housed in a rack-mountable 
cabinet. Applications which have been suc- 
cessfully performed using force/torque feed- 
back include threading, tightening, and 
removal of nuts and bolts; placing pins in 
holes; following contours; maintaining con- 
stant pressure under dynamic as well as 
static conditions; and mating and assembly 
of parts. 

The FT-15/50 uses a compact piezoresis- 


tive strain gauge. Forces and torques are 
measured to 15 lbs. (0.2 oz. resolution) and 
50 in.-lbs. (0.4 in.-oz. resolution), respective- 
ly. Precision engineering and advanced 
design techniques make the FT-15/50 trans- 
ducer the smallest in its class, yet it is 
overload-protected to five times its rated 
capacity. 

The dedicated microcomputer processing 
unit automatically resolves the forces and 
torques applied to the transducer into six 
equivalent Cartesian force/torque com- 
ponents and transmits the results at up to 
100 Hz rates. Raw transducer output is 
available at 500 Hz. 

For more information, contact: Robot 
Sensor Systems, Inc., 10529 Freer St., Tem- 
ple City, CA 91780, telephone (213) 
444-4689. Circle 43 



Street Tcilk 

treet Electronics’ Echo™ speech 
products are available for Apple and 
IBM-PC computers. A general-purpose 
speech module controlled through an 
RS-232 port is also available. Each of the 
units uses a text-to-speech program which 
provides an unlimited vocabulary. The pro- 
gram contains an algorithm with over 400 
language and pronunciation rules which 
convert written words into their correspond- 
ing phonemes. The Texas Instruments 
speech chip used with all Echo speech prod- 
ucts uses the Linear Predictive Coding 
(LPC) method of speech generation. The 
user is provided with full control over 
phonemes, inflections, and volume. Modes 
are available for selecting speech word by 
word, letter by letter, or with all, most, or 
some punctuation spoken. 

New with this series of Echo speech prod- 



ucts is a dictionary of 700 natural sounding 
words spoken in a female voice. At present, 
Echo is one of the few speech synthesizers 
with this ability. 

For more information, contact: Street 
Electronics Corporation, 1140 Mark Avenue, 
Carpinteria, CA 93013, telephone (815) 
684-4593. Circle 44 


PC-Eye 

new IBM PC compatible video cap- 
ture system, designed for diverse ap- 
plications such as graphics/image process- 
ing, surveillance/security, quality assurance, 
motion analysis, machine vision, and train- 
ing, is available from Chorus Data Systems, 
Inc. The PC-Eye™ Series 1000 board oc- 
cupies one IBM PC or XT expansion slot. 
It permits the user to capture video images 
directly from inexpensive video cameras or 
recorders as rapidly as eight frames per se- 
cond. The images may be digitized with one 
or two bits of intensity for compatibility with 
the IBM high resolution graphics adapter, 
or digitized with four bits of intensity (640 
by 400 pixel resolution) for display by other 
graphics adapter boards. 

The digitized image is transferred under 
DMA control directly into the IBM PC main 
memory at up to 1 Mbyte per second. Suc- 
cessive frames may be captured and stored 
for off-line comparison or post-processing. 
Standard resolutions of 320 by 200 by 2 bits, 
640 by 200 by 1 bit, and 640 by 400 by 4 
bits have been selected to maintain com- 
patibility with currently available graphics 
cards. 

The high resolution and short image ac- 
quisition time provided by the PC-Eye con- 
verts the IBM-PC into a versatile, high- 
performance image processing system. Soft- 
ware support is offered for printer output, 
annotation, storage, comparison, compres- 
sion, and transmission. The PC-Eye Series 
1000 will be expanded with specific applica- 
tion software and hardware enhancements 
currently under development. Prices are less 
than $500 in unit quantities. 

For more information, contact: Chorus 
Data Systems, Inc., PO Box 810. Hollis, NH 
03049, telephone (603) 465-2290. 

Circle 45 
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Scorbot Educational Robot 

Cashed Robotec, Ltd. of Ramat Ilan, 
Uj Israel, has developed an advanced 
educational robot, the Scorbot ER III, and 
a modular educational program of robotics 
instruction for technical high schools, higher 
institutes of learning, research laboratories, 
industry, and experimentalists. This unique 
system comprises the robot which can be 
operated from a host microcomputer, text- 
books, laboratory exercises, advanced soft- 
ware and audiovisual aids such as videotapes 
and slides. 

A major system component is the Scor- 
bot ER III educational robot, designed and 
built in Israel. It provides ideal simulation 
using an “elite” language which closely ap- 
proximates that of an industrial robot. The 
open arm construction allows users to 
observe the operational mechanism. DC ser- 
vomotors with closed loop control are under 



and eight outputs to allow for the robot to 
the control of an 8-axis controller which is 
capable of simultaneous control on all eight 
axes. 

The controller has provisions for a plug- 
in teaching pendant and also eight inputs 


react and interact with its environment. This 
facilitates the simulation of real live robotic 
applications in the classroom, using con- 
veyors, indexing carousels, etc. 

An RS-232C serial interface allows for 
communications with a host microcomputer. 
Control software is available for a number 
of microcomputers. The modular format of 
the robotics instruction program compris- 
ing video tapes, slides, overhead transparen- 
cies, and written texts, which include theory 
and practical laboratory experiments as well 
as sophisticated software. 

The complete Scorbot package will enable 
any user to gain a fundamental hands-on 
understanding of both the concepts and 
uses of robots in our modern world. 

For more information, contact: Noam 
Kra-Oz, Eshed Robotec, Ltd., PO Box 
28346, Tel Aviv 61 282, ISRAEL, telephone 
(03) 340860, telex: 361131 ESHED IL. 
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Turtle Tots 

he inexpensive Tiirtle Tot is manufac- 
tured in Australia and distributed in 
America by Harvard Associates, Inc. Accord- 
ing to president Andre Rossi, “We think the 
idea of a truly personal, yet very affordable, 
Turtle robot has now become a reality with 
Tot. With a retail price of $299, TUrtle Tot 
is already selling at an unprecedented rate.” 
The Tbrtle Tot is controlled via an RS-232 
serial interface and requires an external 


computer. The Tot can move, draw, turn, 
blink its eyes, and feel its surroundings with 
touch sensors. An optional speech package 
allows the Tot to talk. All Turtle Tots come 
fully assembled and tested, with easy-to-read 
instructions and a ten-color pen set. 

For more information, contact: Harvard 
Associates, Inc., 260 Beacon St., Somerville, 
MA 02143, telephone (617) 492-0660. 
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Brushless DC Motor With 
Built-In Encoder 

ccurate speed control, low electrical 
and mechanical noise, high reliability 
and long life make the Model BZ-52 brush- 
less DC motor ideal for use in applications 
such as laser beam printers, computer peri- 
pherals, business machines, and medical 
equipment. 

The rated voltage is 24 V, rated speed is 
4000 rpm, rated torque 60 g-cm, and rated 
current 600 mA. The starting torque is 300 
g-cm. The speed stability of ±0.01 percent 
with a maximum jitter of 0.03 percent is 
achieved by means of a photoencoder. The 
motor diameter is 52 mm, the length is 84 
mm. The electronics drive circuitry is 
included. 

For more information, contact: Canon 
USA, Inc., Electronic Components Division, 
One Canon Plaza, Lake Success, NY 11042. 
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RB5X Software Modules 

E# B Robot Corporation has released 
A \ tour preprogrammed software modules 
for the RB5X Intelligent RobotT M These 
modules enable the RB5X to perform specif- 
ic tasks as soon as the robot is turned on. 

Pattern Programmer allows you to press 
combinations of the robots tactile sensors, 
or bumpers, to instruct RB5X to follow a 
specified pattern. Bumper Music allows the 
bumpers to be played like keys on a piano. 
Tunes can be recorded and played back. 
Spin the Robot contains a game routine that 
allows children to interact with an RB5X 
equipped with voice/sound synthesis. The In- 
truder Alarm and Daisy, Daisy software 
module contains a routine which allows the 
robot to sense movement with its sonar and 
sound an alarm. Daisy, Daisy enables the 
RB5X to sing the song made famous by 
HAL in the film, “2001: A Space Odyssey.” 
An arm training software module is also 
available which allows you to teach the 
RB5X arm to perform certain specific move- 
ments. The RB5X is also delivered with a 
utility software module that contains a self- 
diagnostic program. This routine checks the 
robot’s batteries and motor functions. 

RB5X feels the availability of off-the-shelf 
application software for personal robots 
should provide a significant boost to the per- 
sonal robot industry in 1984. 

For further information, contact: Sharon 
D. Smith, RB Robot Corporation, 18301 
West 10th Avenue, Suite 310, Golden, CO 
80401, telephone (303) 279-5525. 
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Complete Robot Teaching System 


L ennox Education Products has intro- 
duced a robotics training package 
priced at $2,700. Called the Lennox 
Teaching Robot, this package is designed 
for use in educating and training robotic ap- 
plication technicians. The Lennox Teaching 
Robot utilizes an industrial training format 
to tech students to select and program 
robots. This package can also be used for 
instruction in maintaining and troubleshoot- 
ing robotic applications. This robot is part 
of a complete training system with individual 
components which can be tailored to spe- 


cific robotic teaching needs. 

Each Lennox Teaching Robot includes a 
single, arm pick-and-place pneumatic ma- 
nipulator, a valve interface, a Timex/Sinclair 
1000 computer and printer, a control panel, 
a television receiver, and a cassette recorder. 
The computer, panel, and television are used 
to establish the robot’s programs and the 
cassette recorder is used to store them. 

For more information, contact: Robert 
Hamos, Manager of Lennox Education Pro- 
ducts, PO Box 809000, Dallas. TX 75380, 
telephone (214) 233-9407. Circle 49 


Visual Patterns 

P attern Processing Corp. has started 
shipping their APP™ 100 Associative 
Pattern Processor. This machine vision 
recognition system is the first in a series of 
products that performs pattern identification 
by hardware circuitry extensions beyond tra- 
ditional programming. The APP 100 and 
APP 200 systems provide fast, accurate, 
quality vision recognition with the use of 
complicated computer software. The APP 
system has a 3,000 part-per-minute image 
recognition capability using a pixel density 
of 154,880 per image processed. The im- 
age density is 320 pixels by 484 pixels, each 
with 64 levels of gray. 

The system can adjust to nonuniform 
lighting and has no shape restrictions re- 
garding images. The system operation 
features continuous image recognition, an 
adjustable sensitivity from 0 to 100 percent, 
and the ability to freeze-frame an image 
without stopping the processing. The system 
can store up to 255 images (each image hav- 
ing a multitude of configurations) in the 


main processor. The APP 200 version can 
provide 256 independent windows on any 
single image. Expansion of up to 510 in- 
dependent images is already planned. 

For more information about the 
Associative Pattern Processor, contact: Jo- 
Anne Anderson, Pattern Processing Corp., 
511 Eleventh Avenue South, Minneapolis, 
MN 55415, telephone (612) 339-8488. 
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1984 ROBOTICS AGE 
PRODUCT GUIDE 



Artificial Intelligence. These are 
the buzz words of the eighties. The 
words of an exciting, new world. 

To learn about robotics, you 
must do more than read, you must 
experiment. 

Where can you find in-depth in- 
formation about affordable robotic 
equipment? 

Though several industrial robot 
directories already exist, no direc- 
tory has yet been published which 
describes the inexpensive equip- 
ment available for use with per- 
sonal and modular, board-level 
computers. Until now. 

The Sourcebook 

The 1984 Robotics Age Product 
Guide: A Sourcebook for Educators 
and Experimentalists , is packed with 
hundreds of descriptions containing 
vital information about inexpensive 
robotics products. The Robotics 
Age Product Guide is essential 
reading and research material for 
all educators, research and develop- 
ment engineers, and experimenters. 

Product Guide listings run the 
full gamut of robotics products: 
self-contained robots and robotic 
arms, turtles, vision systems, 


Robotics Age 
Product Guide: 

A Sourcebook for 
Educato rs & Experimentalists 



speech generation and recognition 
products, robot control languages, 
personal robot peripherals and 
ultrasonic ranging systems. No 
other publication can bring you the 
same in-depth information. 

The Product Guide delivers 
useful descriptions, names of 





contact people, and product 
photographs. 

Intelligent machines are part of 
our daily lives. Stay in the forefront 
of this new technology. Read the 
1984 Robotics Age Product Guide: A 
Sourcebook for Educators and 
Experimentalists. 

Available in March for $9.95 
from: 

Robotics Age Product Guide 

174 Concord Street 

Peterborough, NH 03458 
or give us a call at (603) 924-7136. 


ONLY $9.95 


□ Please send . 


copies of the 1984 Robotics Age Product Guide 


at S9.95 (includes postage and handling costs). Total Enclosed S 

Overseas orders please add $8.00 for airmail postage. 
□ Personal Check □ Money Order □ MasterCard □ Visa 


Account No. 


Expires 


Signature 


Name (Please Print) 


Company 


Phone 


Address 


City 


State 


Zip 


Send to Robotics Age 

174 Concord St., Peterborough, NH 03458 (603) 924-7136 
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You’re in the Year 1 A.B. 

The Age of Androbotics has arrived. 

The world’s first personal robots and 
forward thinking humans are finding each 
other now at selected computer and 
electronic stores. 

Enjoy the fun of the 
future now. _~ ==s 
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